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© Heterocyclic compounds, processes for producing them and pharmaceutical compositions 
comprising them. 

e Novel heterocycc compounds capable o. lowenng .he unc ac.d .eve.s .n plasma and unne hav.ng me 
formula (I): 
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where.n and R= are .ndapandendy hydrogen, lower a.kyl. phenyl or substrtuteTOyl. o> -K anc , RJ may 
torn, a four to e.ght-membered carbon ring together with the carbon atom to wh.ch they are attached. FHs 
Imogen o'r io^alky,: R* ,s one or ^radicals ^^^«S£ 

nTdroQen i o lower alky. R' « hydrogen or a pharmaceutically act.ve ester-forming group: A ,s as,ra,gru or 
oJancSed hydrocarbon radical having one to live carbon atoms: B is ha.ogen. oxygen, or dith.olane; Y ., oxygen^ 
suTur Sri or substituted nitrogen; Z is oxygen, nitrogen or substituted nitrogen: dotted hne represents the 
p^esenST absence of a single bond, processes for their products and pharmaceunca. compos.tK.ns 
comprising them. 
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The present invention relates to novel heterocyclic compounds capable of inhibiting the biosynthesis of 
uric acid and also accelerating the excretion of said acid, to processes for producing them and to 
pharmaceutical compositions comprising them. 

Hyperuricemia is a well known cause of gout, which is one of most popular diseses associated with 
hyperuricemia, and the number of patients suffering from gout is increasing. ^ypaiimc&amrjs also 
suggested to be a potential cause of certain angiopathys, such as ischemic cardiac disease and 
cerebrovascular disease. These diseases are associated with elevated levels of uric acid in plasma and 
urine, and have been treated with medicines which lower the uric acid level. 

There are two kinds of medicines used for such treatments. One is a xanthine oxidase inhibitor which 
inhibits the biosynthesis of uric acid. The other is an eliminant which accelerates the excretion of uric acid. 
Examples of the inhibitor include Allopurinol and examples of the eliminant include Probenecid and 
Benzbromarone. 

jh e present inventors have now discovered a class of heterocyclic compounds which can accelerate 
the excretion of uric acid and inhibit the biosynthesis of said acid through xanthine oxidase inhibition 
activity. 

In particular, the present invention provides novel heterocyclic compounds of the formula (I): 



wherein R' and R : are independently hydrogen, lower alkyl. phenyl or substituted phenyl, or R' and R r may 
form a four to eight-membered carbon ring together with the carbon atom to which they are attached. R-' is 
hydrogen or lower alkyl: R* is one or two radicals selected from a group consisting of hydrogen, halogen, 
nitro. lower alkyl. phenyl, substituted phenyl. -OR s and -SO:NR* R" . R- ts hydrogen, lower alkyl. phenyl- 
substituted lower alkyl. carboxymethyl or ester thereof, hydroxyethyl or ether thereof, or allyl. R" and R* 
are independently hydrogen or lower alkyl. R'" is hydrogen or a pharmaceutical^ active ester-forming 
group; A is a straight or branched hydrocarbon radical having one to live carbon atoms: B is halogen, 
oxygen, or dithioiane: Y is oxygen, si'fur. mitogen or substituted nitrogen: 2 is oxygen, nitrogen or 
substituted nitrogen, dotted line represents the presence or absence ot a single bond 
In other aspects i*>e invention provides 

(at A pharmaceutical composition for the treatment or prophylaxis of hyperuricemia comprising a 
compound of the invention together with one o» more pharmaceutical^ acceptable carriers diluents or 
excipients. said compositions preferably being in unit oosage form 

(b) The use of a compound of the invention in the manufacture of a medicament ic* tvie T'oatmen* * 
prophylaxis of hyperuricemia. 

As can be seen from the above formula (I), the compounds ot the indention can he classified 'n*- irvee 
groups, derivatives of chromanone /where Y is o*vgen> #i»ocnromanone (where Y is sulfur), and 2.3.4- 
tetrahydroquinoifne (where Y is nitrogen) 

For the purpose of the present invention, as disclosed and claimed herein the following terms are 
defined as below * ~~ 

The term "lower alkyl" refers to a straight o/ b/anciied saturated hydrocarbon radical having one to five 
carbon atoms, including methyl, ethyl, n-propyf. isopropyl. fc*uyt. /sobutyl. sec-butyl, tert-butyl. pentyl. 
isopentyl. and the like. 

The term "lower alkoxy" refers to those formed from lower a.'kyls noted above, including methoxy. 
ethoxy. propoxy. /sopropoxy. butoxy. isobutoxy. pentoxy and the like. 

The term "substituted phenyl" refers to phenyl substituted with halogen or lower alkyl. and the like. 
Examples of substituted phenyl include p-tolyl and p-chlorophenyl. 

The term "four- to eight-membered carbon ring" refers to cyclobutyl. cyclopentyl. cyclohexyl. cyclohep- 
tyl. cyclooctyl. and the like. 

The term "halogen atoms" refers to fluorine, chlorine, bromine, and iodine. 
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,„ m8 definition of K: the n "ester" -sed » *• P*™" J»» "f * TtTotrase ^SfeTS 
binds to "SJS group through an este, bond. Such ester-tooning group, can bo selected from carboxy- 

esterified forms of said compounds (I), and also prolong the effective blood-level of .t. 

AdHitilnX the "ester bond can be cleaved easily at the pH of body fluid or by enzymatic act.ons ,n 
vivo Tpro^de V££X^**~ form of the compound (I). Preferred pharmaceutical* active ester- 
v|vo to prov.de a oioiog y Q c |k , ps . for example, a straight, branched. 

'^T^Tal^ as acetoxymethy.. acetoxyethyl. propionyloxymethy. 

ringed, or partially ringed ^ P cyctohe xanecarbonyloxycyclohexylmethyl. 

bonyoxylthy. isopropoxycarbony.oxypropyl. t-butoxycarbony.oxyethyl, isopenty.oxycarbonyloxypropyK 

-si r^^^ssr^- *. — « o, a . — . 

c^oZro, . ^ctointen.. 0, -OPm-CH,. A seated er.am.ne „ use« in an appro»m„.,y edu.mo.,. 

,o *rr;r~ srr r rr: s T,,»ed » ,.™= *. - « rrs 

LTT™Tu£?cSln^ JJpound.iV) as a «<* syrup o, a code =„sta„,n. so.d 
LLrcao ™;„rSby reckon from a soivent. ,o- e*«mp». a m«« <* d,e,ny, etne. and 
„„ ure of ben 2 ene and he«ane. o, a nature of ethyi acelate and he.ane 
TW cJnpLd (IV, may be subsmuted w,m a »«« <*y> group t-R-'l al Itie 3-pos.w, .1 des..eo 

ppaction Scheme 2 




R 3 pyridine HC1 R * 
~* 

H 




50 



preferably from about 60 to about 80 " C. for about 
about 7 hours. Organic solvents which may be used 
the like. 

Enamines which may be used in the reaction 



30 minutes to about 10 hours, preferably about 1 to 
are dry alcohols, such as dry methanol, ethanol. and 

include compounds of formula <lll) wherein R is 1- 
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cyclohexene or 1-cyclopentene, or -C(Ph) = CH2- A selected enamine is used in an approximately equimolar 
to slightly excess amount relative to the compound (II). 

When the reaction is complete, the mixture is distilled to remove the solvent, and the residue is treated 
by column chromatography, preferably silica gel column chromatography, using an appropriate eluent, for 
5 example, a mixture of ethyl acetate and hexane (1:2) or a mixture of ethyl acetate and dichloromethane (1:9 
to 3:7). The eluate is concentrated to yield the compound (IV) as a thick syrup or a crude crystalline solid. 
The latter can be purified by recrystailization from a solvent, for example, a mixture of diethyl ether and 
hexane, a mixture of benzene and hexane, or a mixture of ethyl acetate and hexane. 

The compound (IV) may be substituted with a lower alkyl group (-R 3 ) at the 3-position, if desired. 

70 

Reaction Scheme 2 

0 0 



15 




(IV) (V) 



wherein R\ R 2 . R 3 , and R 4 are as defined above. 
25 In Reaction Scheme 2, the compound (IV) is reacted with pyridine hydrochloride to provide the 

compound (V). 

The reaction is preferably conducted in dry pyridine hydrochloride at a temperature in the range of from 
about 150 to about 250 * C. preferably from about 200 to about 220 " C. for about 10 minutes to about 5 
hours, preferably about 30 minutes to about one hour. 

30 When the reaction is complete, water and diethyl ether are added to the reaction mixture, and the 
organic layer is separated. The organic solution is distilled to remove the ether. The residue is loaded on a 
silica gel column and eluted with an appropriate eluent. for example, a mixture of acetonitnle and 
dichloromethane (1:9 to 1:4). a mixture of ethyl acetate and dichloromethane (1:9). or diethyl ether The 
eluate is concentrated to yield the compound (V) as a thick syrup or a crude crystalline solid The latter can 

35 be purified by recrystailization from a solvent, such as a mixture of diethyl ether and hexane. diethyl ether, 
and the like. 

Reaction Scheme 3 



JO 



4S 




Et0 r C-A-Br 



K : C0 3 



EtO : OA-0 




(Y) 



wherein R\ R". R 2 . R*. and A are as defined above 

In Reaction Scheme 3, the compound (V) is reacted with an ethyl ester of a halogenated carboxyhc acid 
of the formula: EtOaC-A-Br in the presence of a base under nitrogen atmosphere. 

The reaction is preferably conducted in an organic solvent at a temperature in the range of from about 
25 to about 100 *C, preferably from about room temperature to the boiling point of the solvent for about 1 
to about 48 hours, preferably about 2 to about 20 hours. 

Prefered organic solvents are polar solvents which include acetonitrile, dimethylformamide (DMF) and 
acetone, and is more preferably DMF. Bases which may be used include alkali or alkaline earth metal 
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„ Pr^fPrPd base is ootassium carbonate. Ethyl esters of halogenated carboxylic acid which may 

l^LXZToZ^^ bromopropionate. ethy. bromobutyrate. «d^. 1J* A se.ected 
eLrTs used in an approximately equimolar to slightly excess amount re.at.ve to the compound (V) _ 

W^n the reaction is complete, the mixture is distilled to remove the solvent and the residue s 
extracted wih diethyl ether. The ether extract is concentrated and the concentrate ,s subjected to 
Tc^X^Z ^natively, the concentrate is treated by silica gel column chromatography ,us.ng an 
SSSTSLTtS. as dichloromethane. a mixture of ethy. acetate and dichloromethane (1:9). or a 
^eZZzcJate and hexane (1:2). The e.uate is concentrated to yield the compound (V.) « , . carte 
"ytlmne solid, which is then recrysta.lized from a solvent, for example, cyc.ohexane. a mixture of diethyl 
ether and hexane or a mixture of benzene and hexane. 

Reaction Scheme 4 



75 
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(VI') 



R s 0 

> R*' 

KzCOj Et0 2 C-A-0 



R S X 
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wherein R' R=. R*. and R s , and A are as defined above. R«' .s a rad.cal selected from those hsted m the 
definrt.on of R 4 to the exclus.on of a hydroxy I group, and X is halogen or -OTs lnrmil ,- ,vh 

in Reaction Scheme 4. the compound (Vl'). the same compound as the compound of formula VI) 
JrlolTs* one oMhe substituents represented by R« is a hydroxy, group. ,. reacted wrth an a.xy.atmg 

/psy\ m thP nresence of a base to provide the compound (VII). 
a9e le r£c o ^ s^eTerao,; conducted* an approbate organic so.vent such as DMF at a temperature .n 
,ne range of from about 25 to about 100 *C. preferably from about room temperature to about 70 C .or 

3b °Xr^ -V. .Cd.de. ben Z y. brom.de. a„y. brom^e 

Alkylating agems c J y b be se , ec ted from those commonly used .n 

carbonate - When the alky,at,n9 a9enl ,s PhCH '"° <c " 

: ° T ^7"reaZnTS^ the mixture « distilled to remove the so.ven, and the residue , 
When the taction is cu p concentrated, and the concentrate is treated by s.i.ca gei 

cotr^^ » a ^ ^ or a crude crysta,l ; ne r 

n JT, < wh ch mav be used are a m.xture of ethyl acetate and dichloromethane (1.9). a m.xture of acetone 

™ture °f aceton.tr..e and d.ch.oromethane (14, So.vents wn.c* 
% bt us^or '^ rec^uLat.on are d.ethy. ether, a mixture o< ethy. acetate and hexane. or a m,tu,e C 

dtethy! ether and hexane. 
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Reaction Scheme 5 



5 



15 



20 




25 

CI') 



wherein R\ R 2 . R 3 . R a . R* . R-. and A are as defined above. 

30 In Reaction Scheme 5. either of the compounds (VI) in Reaction Scheme 3 or the compound (VII) in 

Reaction Scheme 4 is treated with N-NaOH or trifluoroacetic acid to remove the carboxy-protecting group, 
whereby the compound (I ) of the present invention is obtained. 

The reaction is preferably conducted in an appropriate solvent, preferably ethanol at a temperature tn 
the range of from about 10 * C to the boiling point of the solvent for about 10 minutes to about 48 hours 

35 preferably about 30 minutes to about 20 hours. 

When the reaction is complete, the mixture is made acidic with hydrochloric acid and concentrated The 
residue is then recrystallized from an appropnate solvent, for example, diethyl ether, ethanol ethyiacetate 
acetone, a mixture of ethanol and water, a mixture of diethyl ether and hexane. a mixture of ethyl acetate 
and hexane. a mixture of acetone and hexane. or a mixture of acetone, ethyl acetate and diethyl ether 

4 0 The resulting compound (I ) in carboxyhc acid form (R 7 in the formula (I) is hydrogen) can be converted 

easily into a pharmaceutical^ active ester to yield a prodrug as mentioned above Examples of pnarmaceu- 
tically active esters are those formed with ester-forming groups listed above, including pivaloyloxymethyi 
phtahdyl. 1-hydroxymethylaliopurino*. and the like Estenfication can be earned out using standard proce- 
dures well known to those skilled in the art. 

*5 in the above description, only chromanone derivatives are illustrated However, one skilled in the art will 

readily appreciate that other classes of compounds of the formula (I), thiochromanones and quinolmes. can 
be synthesized substantially in accordance with the Reaction Scheme* illustrated above iust by replacing the 
starting material (II) with a corresponding compound having a thioalcohol group fr 6 H) or amino group <-NH : > 
instead of a hydroxyl group (-OH) in the formula (II). 

so The compounds of the formula (I) have been shown to accelerate the excretion of uric acid, and also 

inhibit the biosynthesis of uric acid through xanthine oxidase inhibitory activity as illustrated in the 
Experiments hereinafter described. Therefore, the compounds of the invention are useful for the treatment 
of various diseases associated with hyperuricemia, for example, gout, ischemic cardiac disease, and 
cerebrovascular disease. 

55 The following Examples further illustrate the compounds of the present invention and methods for their 

synthesis. The Examples are not intended to be limiting to the scope of the invention in any respect and 
should not be so construed. 
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Preparation 1 



10 



15 



20 



(4 f 6'-0imethoxy-2 -hydroxy-3'-methylphenyl)ethanone 

A mixture of 2,4,6-trimethoxytoluene (90% purity, 9.1 g. 45 mmol). acetyl chrolide (3.9 ml 55 mmol) 
anhydrorim^um chloride (7.98 g, 60 mmol), and anhydrous dichloromethane .. st.rred for 3 hours 

while cooling on ice ice -cooled water and the mixture is extracted with dich- 

"'^r^rrSions, ms surfing — ~ -ov.red. Fron, ceding fractions. . crys«n, 
^0^0^^^^ 

.x.ac.ed »,.h d^,„— . and ^ ^ 3a „ cryslalllne soM (4 ., 8 g . 

:"* ;» 3 t bid on ft. 5 .a* 9 compound,. Ftoysiai^tion ,ron, o.hy. ace.a.o 
gives a product having a melting point of 146- 147 C. 



25 



Elemental analysis (for 


C-H-iO 


0 




Calcd.: 


C. 62.85; 


H, 6.71 


Found: 


C. 62.53: 


H. 6.68 



30 



"H-NMR (CDCI,) 6ppm: 14.0OH.S). 5.93(1H.s). 3.89<6H.sh 2.60 2J0 J3H.sK 
"c-NMR (CDCb) *PPm: 203.3. 163.8. 163.49. 105.73. 105.54. 85.6. 55.4. 55 3. 33 1. 7.1 



35 



Preparation 2 



<2*-Chloro-6-hydroxy-4'-methoxyphenyl)ethanone 

",0 mTxtS" « swto*, 3 noun, a. me same T* ,esu„.n 9 reacon n,„u,e « 

« n» otTo d d«e ^Jwewonc ac,d. and iho so.ut.on .s MracM w.m a,ch.o,o™.h»ne Tne 
poured rto icMWd cUum inyo ° co n M n.,al8d The res.du. .5 paced 

o. 9 an,c .aye, " WM»» a «J^ a "2Sre o. he*ane and ethyl acetate (2 . i .o oo,a,n an o.M5 25 g) 



Preparation 3 

6-Methoxyspirot 2H .l.benzopyran-2,l'-cyclohexan]-4(3H) 

7 
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A solution of (2'-hydroxy-5'methoxyphenyl)ethanone (3.32 g, 20 mrnol) and cyclohexanonepyrrolidine 
(enamine form) (3.18 g, 21 mmol) in dry ethanol (40 ml) is heated to reflux for 1.5 hours under nitrogen gas. 
The solvent is removed by distillation, and the residue is dissolved in diethyl ether, washed with dilute HCl 
and then water, dried, and concentrated. The residue is placed on a silica gel column and;eluted with a 
5 mixture of ethyl acetate and hexane (1:2) to obtain the title compound as thick syrup (4.5 g, yield 91.3%). 



Preparations 4-11 



70 

enamine (HI) 



75 




(n). (iv) 

20 

In Preparations 4-11. corresponding compounds (IV) were prepared aceordmg- to -the^roeectare of 
Preparation 3 employing the starting materials (II) and reaction conditions shown in Table 1. Physicochem- 
ical properties of each product are given in Table 2. The term "starting material" refers to the compound 
used in the reaction. Said compound is depicted by the number of Preparation or literature which gtves or 
25 discloses the same. 
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Table 2 



5 


Compel, of 
Prep. No. 


M.p. 
(recrystaltized) 


Mdlecuiar 
formula 


Elemental analysis 


1 H-NMR(CDCi 3 ) 5 ppm(J Hz) 










C 


H 


CI 




10 
IS 


3 
4 


thick syrup 
thick syrup 










7.30(1 H,d,J = 2.5), 

7.1 0(1 H.dd.J = 9.0 and 2.5). 

2.66(2H,s), 2.1-1 .3(1 OH.m) 
7.78(1 H f d f J = 9.0), 
6.50(1 H.dd.J = 9.0 and 2.0), 
6.40(1 H.d.J = 2.0). 3.82(3H.s). 
2.63(2H.s). 2.2-1 .2(1 OH.m) 


5 


78-79 

ether-hexane 










7.64(1 H,d.J = 9.0). 
6.10<1H,d,J = 9.0), 3.92(6H,s). 
6.77(2H,s), 
2.3-1. 2(1 OH.m) 


20 
25 


6 


137-138 

benzene-hexane 


CigHigO* 


72.47 
(72.51) 


6.13 
( 6.28) 




7.5-7.1 (5H.s). 

6A9tlH>dJ=-2.0), " 

5.97(1 H.d.J =2.0). 3.81 (3H.S). 
3.78(3H,s). 3.20(1 H.d.J = 16.5). 


7 


thick syrup 










6.03(2H,s). 3.88(3H.s). 
3.82<3H.s). 2.73(2H,s). 
2.2-1. 4(8H.m) 


30 


8 


115-116 
ether-hexane 


C* e H?oO* 


69.54 
(69.55) 


7.30 
( 7.23) 




6.07(1 H.dJ = 2.0). 

6.00(1 H.d.J = 2.0). 3 85(3H.s>. 

3.80(3H.s). 

2.6K2H.S). 2.0-l.3(lOH.m) 


35 


9 
10 


thick syrup 

174-175 
ether-hexane 










6.30(2H.s). 3.80(3H.s). 2 61(s) 
and 2 58(S)(5H). 2 2-1 .2(1 OH.m) 
6.09(1 H.s). 3.90(6H.s). 
2.60(2H.s). 2 05-1 2(13H.m) 


JO 


11 


83-84 ethyl 
acetate-hexane 


CsH-TCtO;. 


64 17 
(63.92) 


6 10 
(6 15) 


12 63 
(12.52) 


6 57(1 H.d.J = 2 4). 

6 78(1H.d.J = 2 4).3 83(3H.s) 

268(2H.s). 

2.0-1 25(10H.mj 



45 

Preparation 12 

so 5.6-Dichioro-7-methoxyspiro[ 2H -1-benzopyran-2.1 -cyclohexan]-4(3H)-one (12-1) and 5.8-dichloro-7- 
methoxyspiro[ 2H -l-benzopyrafv2.r-cyclohexanH(3H)-one (12-2) 

To a solution of 5-chloro-7-methoxyspiro[ 2H -i-benzopyran-2.1 -cyclohexan]-4(3H)-one (prepared in 
Preparation 11) (0.63 g. 2.25 mmol) in dry dichloromethane (10 ml) is added dropwise a solution of sulfuryl 
55 chloride (0.345 g, 2.56 mmol) in dichloromethane (4.5 ml) at -35 to -30 * C over 10 minutes. The mixture is 
then continuously stirred at a temperature ranging from -30 to -20 " C for half an hour, at 0 to 3 " C for one 
hour, and 3 * C to room temperature for half an hour. The solvent is removed and the residue is treated with 
diethyl ether. The mixture is filtered to obtain the crystalline compound (compound No. 12-1) (0.375 g. yield 



10 
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The filtrate is concentrated and the residue is diluted with hexane. The ^^^Tg^f^. 
bv filtration to yield a mixture of crystalline compound (12-1) and compound (12-2) (0.22 g m p - 109 
m l C ! (12 !-iwT2-2^1:3),Recrystalli Za tion from ethyl acetate gives a pure compound (12-2) hav.ng a 
melting point of 126 to 127 " C. 



Compound (12-1) 



Elemental analysis (for C15H1GCI2O3) 


Calcd.: 
Found: 


C, 57,16; 
C, 57.16; 


H, 5.12; 
H, 5.09; 


CI. 22.49 
CI, 22.53 



34.60. 25.06, 21.46 

20 



25 



30 



Compound (12-2) 



Elemental analysis (for C«sH- 5 Clr0 3 ) 


Calcd.: 
Found: 


C. 57.16: 
C, 57.26: 


H. 5.12: 
H. 5.08: 


CI, 22.49 
CI. 22.50 



"H-NMR (CDC.3) *ppm: 6.65<1H.S>. 3.97(3H.s). 2.70 <2 H.s>. 2.2 - 11(lOH.m) -C-NMR (C DC. 3 > *ppm 189 2. 
159 4 VS7 32 133 48. 1 12 .97. 109.87. 107.97. 81.25. 56.68. 49.30. 34.71. 25.15. 21.37 

35 Preparation 13 
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5 7-D.methoKy-3-methylsp.rol 2H -1-benzopyran-2.1 -cycloh ex an]-4(3H)-one 

A so.ut.on of 5 7-d.methoxysp.ro! 2H -l-benzopyran-2.1 -c y clonexan]-4(3H>-one (prepared .n P '^'Z 
S, 0 A 38Ts ^on , orv JtrahydroT.ran ^--^—^3^- 

i:^x*z*o*o t:l:t 0 :l a n d e .uted w , h a ^ <*■ t^o^™ 

^^0^ 3.87C3H,, 3.83<3H.s, 2,1<„,o.. J = 7, 2 1 - 

1.3(10H.m). 1.l3(3H.d.J = 7). 



Preparation 14 

55 

6-Hydroxyspirot 2H -l-benzopyran-2.l'-cyclohexan]-4(3H)-one 
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A mixture of 6-methoxyspiro[ 2H -1 -benzopyran-2,1 '-cycloh8xan]-4<3H)-one (prepared in Preparation 3) 
(1.0 g, 4.06 mmol) in dry pyridine~HCI (6 g, 52 mmol) is heated to 210 - 215 °C on an oil bath for 45 
minutes with stirring, and allowed to cool. The mixture is extracted with water and diethyl ether. The ether 
layer is separated, washed with dilute hydrochrolic acid and- then water, dried and concentrated. The 
5 residue is placed on a silica gel column and eluted with a mixture of acetonitrile and dichloromethane (1:9 
to 1:4) to obtain the title compound as an oil (0.81 g, yield 85.5%). 



Preparation 15 - 25 

70 




In Preparations 15 to 25. corresponding compounds (V) are prepared subatanttally in accordance with 
procedures described in Preparation 14 using starting materials (IV) and reaction conditions shown in Table 
3. Physicochemical properties of each product are given in Table 4. 
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Table 4 



5 


Compd. of 


M.p.fC) 


Molecular 


Elemental analysis(found) 


1 H-NMR(CDCi 3 )$ ppm(J Hz) 




Prep. No. 


(recrystallized) 


formula 














C 


H 


Ct 




10 
15 


14 
15 


thick syrup . 
171-172 










-7j^.1Jd.cU=2^-.:^ 

7.10(1H,dd,J = 9.0 and 2.5), 
6.85(1 H,dJ =9.0), 6.85(1 H,b), 
2.68(2H,s), 2.1-1 .2(10H,m) 
7.90(1 H.s), 7.79(1 H,d,J = 9.0), 
6.54(1 H,dd,J = 9.0 and 2.0), 
6.44(1 H.d.J =2.0), 2.68(2H,s), 
2.2-1. 2(10H.m) 


20 


16 


83-84 

ether-hexane 


Ci * Hi 0O4 


67.73 
(67.60) 


fi so 

V<JV 

( 6.82) 




7.43(1 H.dJ = 9.0). 6.73(1 H.s). 
6.60(1 H,d,J= 9.0), 
5.83(1 H,s), 2.71 (2H,s). 
2.2-.1.3(10H.m) 


25 
30 


17 
18 


thick syrup 
thick syrup 










7.5-7.2(5H,m), 
6.05(1 H.d,J = 2.0). 
5.88(1 H.d.J = 2.0) 
3.30(1 H.d.J = 16.5). 
3.03(1*H.d.J - 1 6.5). 1 .70(3H.s) 
11.97(1 H,s). 7.50(1 H.bs). 
5.96(1 H.d.J = 2.0). 
5.89(1 H.d.J = 2.0). 
2.78(2H.s). 2.2-1. 5(8H.m) 


35 


19 


140-141 
ether 


CkHisOa 


67.73 
(67.73) 


6.50 
( 6.52) 




11. 97(1 H.s). 7.68(1 H.s). 
5.95(2H.S). 2.65(2H.s). 
2.1-1.2O0H.m) 


40 


20 
21 


171-172 
179-180 










7 57(1H.S). 6.34(2H.s). 2 66<s) 

and 2 60{s)(5H). 2 1-1 3(1 OH m» 

in acetone-ck 6 00(iH.s> 

3 K2H.b). 2 65<2H.s). 2 0(3H si 

22*1.1{10H.mj 




22 


188-189 
einer-nexane 


C.*H. 5 Ct0 3 


63 04 
(63.02) 


5 67 
(5 70) 


13.29 
(13.10) 


6 84( 1 H.s). 6 58( 1 H.d.J = 2 4) 
6 39(1 H.d.J = 2 4). 2 7(2H.si. 
2 0-1 .25(10H.m) 


45 
50 


23 

24 

25 


189-191 

thrck syrup 
thick syrup 


CmHmC1 2 0 3 


55.83 
(55.73) 


4.69 
( 4.74) 


23.54 
(23.53) 


6.60(1 H.s). 6.23(1 H.b). 
2.68(2H.s). 2.05-1. 15(lOH.m) 

6.73tTH:s). 6.60(1 H.bS). 
2.72(2H.S). 1.2-1. 1(10H.m) 
12.0(1H.S). 7.3(1 H.bs). 
5.95(2H.bS). 2.54(1H.q.J = 7.0). 
2.1-1. 1(lOH.rn). 
1.!9(3H.d.J = 7.0) 



55 
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Preparation 26 

s 

5.7-dihydroxyspirot 2H -1 -benzopyran-2,1 '-cyclohexan]-4(3H)-one 

A mixture of 5 7-dimethoxyspiro[ 2H -i.benzopyran-2/-cyclohexan>4(3H)-one [H.F.Birch. A. Robert- 
,o son and Ssubramanjam, J^em-So-cT, 1832 (1936)] (1.3 g. 6.25 mmol) -and 48»/ 0 fvf ° b ^^f J*° 
mins heated to reflux for one hour. After cooling, the reaction mixture is concentrated under reduced 
pressure tS concentrate is extracted with diethyl ether and the extract is washed with water dned and 
c^e^T^due is p.aced on a si.ica gel column and eluted wUh diathy. ether. The e.uate ,s 
treated with ether to yield the title compound as a crystalhne solic ! (0.65 Q. 58£). 

'H-NMR (ds-acetone) * PP m: 5.92(2H.s). 4.46(2H,t.J = 6.5), 3.16(2H.s). 2.75(2H,t.J -6.5). 



20 



25 



30 



Preparation 27 

Ethyl [<3.4-dihydro-4-oxospiro[ 2H -i-benropyran-2.l'-cyclohexan]-6-yl)oxy]acetat e 

A mixture of 6-hydroxy-spiro[ 2H -i-ben 2 opyran-2/-cyclohexan]-4(3H)-one (prepared in Preparat.on 
14> W 878 Q 3 78 mmol). ethyl brom^acetate (0.69 g. 4.13 mmol). anhydrous potass.um carbonate (0.78 g. 
^ Si N -im^iform«» (OMF) (7.5 m.) is st.rred at room temperature for 4 hours 

under n7tir 9 as DMFls removed by delation under reduced pressure and the ««"^ 
ThZ m ether The ether layer is separated and washed successively w,th water, d.lute sod.um 

cyclohexane to obtain the t.tle compound as a crystalline sol,d (1 .1 1 g. yeld 92.5%. m.p. - 72-73 C) 



Preparation 28-44 



35 



40 




EtOzC-A-Br R «_^ 



KjCCh 



EtO.-C-A-O 




45 in Preparations 28 to 44. correspond.ng compounds (VI) were prepared according to ttw procedure of 
Preparr t on 27 emptoy.ng the start.ng matena.s (V, and reacuon cordons g.ven .n Table 5 PunW 
^ 'conducted by means o, s „,ca ge. column chromatography. Phys.cochem.ca. propert.es o, each product 
are shown in Table 6. * ' 
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Preparation 45 

10 A mixture of 7.8-dihydroxyspiro[ 2H .l-benzopyran- 2 ,l'-cyclohexanH-(3H)one * 

16) I402 g 16.2 mmol), ethyl bromoiEetate (2.98 g. 17.8 mmol). anhydrous potassium carbonate 3 35 g 
24 3 mmoo: and dry acetonitfi.e (49 m«) is stirred overnight at room ^^J^^Z;' J *™ " 
femoTthe inorgarlc substance and the filtrate is distilled. To the residue , « added d,eth yl ether and the 

,< mrTtu^e s extracted with 1IM sodium hydroxide. The ether layer is separated, washed w.th water, dned. and 
S£S££^^^ title compound (45-1) as a syrup (2.0 g. yield 29%). The aqueous .ayer ,s made 
aci d rwUh d ute hydrochloric acid and extracted with diethyl ether. The ether layer ,s separated and 
ex facted w,t^ ^ aqueous sodium bicarbonate. The aqueous layer is made ac.dic with , drtu * "^SSTS 
and exSctd wUh ether. The extract is washed with water, dried and concentrated. To the concentrate ,s 

20 added I ^ mie of diazomethane and ether to form methyl ester. The mixture is disf.led tc » «J™*2 

20 aaaeo a mixture v. u residue is placed onto a Lober column and 

(45-2) is obtained as a crystalline solid (0.4 g. 7.4 ,<>. nvp. «o . * 
the another compound (45-3) .s obtained as a syrup (0.6 g. yield 11 .5 o) 

25 

Compound (45-1 ) 

•H-NMR (CDCL 3 ) 5ppm: 7.58<1H.d.J = 9). 6-47(1 H.d.J = 9). 4 76<2H.s>. 4.73<2H.S>. 4.30(2H. q .J = 7). 4 23- 
30 (2H.q.J = 7), 2.66<2H,s). 2.2 - l.2(l6H.m) 

Compound (45-2) 

35 -H-NMR «COC.„ *PPm- 8.53(1 H.s). 7 57(1 H.d.J =9). 6. 5 6<1H.d.J = 9,. 4 71«2H s, 3 83<3H.S, 2 65(2H s, 2 15 



- 1.2(10H.m) 

Compound (45-3) 

jo ' H-NMR (CDCl . > ippm 
1.2(lOH.m) 

Preparation 46 



740MHdJ = 9, 650(1HdJ = 9> 627HH.S, 4 76(2H.S) 382(3Hs> 2 70<2Hs. 2 1 



-15 



50 



55 



Elhyl 2-<(S-nydro,y-3.4-o,hya,o.«-o*oso.ro[ 2H .,. De ,n 2 ooyrao.2.. ^yciow.anl*,.^,)^^ 

(0.207 9. 1.5 m mo K jwa acewm . sa , ura ,ea b,,ne and the ai.«ure is exacted -m 

s r,re,~^ s.'rs— - —airs?: 1 co '^" 

<3H.d.J = 6.8). 2.15 - 1.05(lOH.m). 1.26(3H.U = 7) 



Preparation 47 
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Ethyl 4-{(5-hydroxy-3.4-dihydro-4-oxospiro[ 2H -l-benzopyran-2,l'-cyclohexan]-7-yl)oxy}butyrate 

According to the same procedure as in Preparation 46, a mixture of 5,7-dihydroxyspiro[ 2H -1- 
benzopyran-2,l'-cyciohexan]-4(3H)one (prepared in Preparation 19) (0.248 g, 1.0 mmol), ethyl 4- 
s bromobutyrate (0.215 g. 1.1 mmol), anhydrous potassium carbonate (0.207 g, 1.5 mmol), and acetonitrile (3 
ml) is reacted and treated. The resulting extract is concentrated and the residue is purified by silica gel 
column chromatography (eluent: acetone and dichlomethane, 1:50) to obtain the title compound as an oil 
(0.236 g, yield 64.9%). 

'H-NMR (CDCI 3 ) fippm: 12.00(1 H,s). 5.96(2H.s), 4.14(2H,q, J = 7), 4.02<2H,t,J = 6.3), 2.63(2H,s), 2.48- 
70 (2H,t, J = 6.8), 2.1 5 - 1 .20(1 2H,m), 1 .24(3H,t.J =7). 



Preparation 48 



75 



20 



Ethyl 2-{(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1 -benzopyran-2,1 '-cyc1opentan]-7-yl)oxy}acetate 

A mixture of ethyl 2-{(5-dihydroxy-3,4-dihydro-4-oxospiro [ 2H -1-benzopyran-2.l'-cyclopentan]-7-yl)- 
oxy}acetate (prepared in Preparation 30) (0.99 g, 3.08 mmol), methyl iodide (0.6 g, 4.26 mmol), anhydrous 
potassium carbonate (0.78 g. 5.65 mmol), and dry DMF (5.6 ml) is stirred at room temperature for 4 hours 
under nitrogen gas. DMF is removed by distillation under reduced pressure and the residue is extracted 
with ether. The ether layer is washed with saturated brine, dried, and concentrated. The residue" " 
recrystallized from ether to obtain the title compound (0.89 g. yield 94.7%, m.p. = 81-82 C) 



ts 



25 



30 



35 



Elemental analysis (for 
Ci 8 H 2 r06) 


Calcd.: 
Found: 


C. 64.66: 
C, 64.61: 


H. 6.63 
H. 6.50 



'H-NMR (CDCI 3 ) 5ppm: 6.12(1 H.d.J = 2). 5.95(1 H.d.J =2). 4.61(2H.s). 4.28(2H.q.J = 7), 3.87(3H.s). 2 72- 
(2H.s). 2.2 - 1 .3(8H.m). 1 .3(3H.t.J = 7). 



Preparations 49 - 62 



40 



45 




CVT) _ W 

In Preparations 49 to 62. corresponding compounds (VII) were prepared according to the procedure of 
Preparation 48 employing the starting compound (VI ) and reaction conditions given in Table 7. Purification 
was conducted by means of silica gel column chromatography. Physieochernical properties of each product 
are shown in Table 8. 
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Preparation 63 



70 



15 



20 



Ethyl 4-{(5-<2-hydroxy)ethyl-3^dihydro^^ 

A solution of ethyl 4- { <5-<2-ben 2 yloxy)ethyl-3.4-dihydro-4-oxospiro-[ 2H '^^^'^T^. 
7^!^(i^ «n P«P-^ 54) (0.347 g, 0.74 mmol) in a mixture of ethyl acetate , «d le^ano 
]vTT^)T^rLnaXeA over 10% Palladium on activated carbon at room temperature ^t.l^eoret.cal 

y^t*™^^ <0,35 o, 84 % , Recrystal.ization from diethyl 

ether gives a product having a melting point of 104 - 105 C. 



Elemental analysis (for 


C20H26O7) 




Calcd.: 


C t 63.48; 


H, 6.92 


Found: 


C, 63.37; 


H, 6.95 



25 



1H-NMR (CDCI3) 5 PP m: 6.14(1H,d.J = 2.3). 6.05(1 H.d.J =2.3), 4.62(2H,s), 4.29(2H,q,J = 7). '4.2-3.8(4H,m), 
2.63(2H.s), 2.1 - 1.2(10H,m), 1.30(3H,t,J =7). 



30 



35 



40 



Preparation 64 

Ethyl 2-{(6-chloro-3,4-dih y dro-4-oxospiro[ 2H .i-b e nzopyran-2.l'-cyclohexanh7-yl)oxy}acetate 
m.p.= 116 - 117 *C). 



45 



so 



Elemental analysis (for C18H21CIO5) 


Calcd.: 
Found: 


C, 61.28; 
C. 61.30; 


H, 6.00; 
H. 6.13; 


CI, 10.05 
CI, 10.13 



'H-NMR (CDCIa) 5 P pm: 7.86(1H.s), 6.36(1H.s). 4.72(2H.s). 4.27(2H.q,J =7), 2.63^). 2.1 - 1.1(13H.m). 



Preparation 65 



benzopyran-2,1 '-cyclohexan]-7-yl)oxy}acetate (65-3) 



27 
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Ethyl 2-{(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1 -benzopyran-2,1 -cyclohexan]-7-yl)oxy}acetate 
(prepared in Preparation 49) (0.64 g, 1.83 mmol) is~~dissolved in dry dichloromethane (rPml). To the 
solution is added dropwise 1 M sulfuryl chloride solution in dichloromethane (2.0 ml) at -30 to -25 ° C with 
stirring. After 15 minutes stirring at the same temperature, the solvent. is removed by distillation. The 

s residue is applied to a Lober column and eluted with a mixture of ethyl acetate and dichloromethane (1:9). 
From the earlier fractions, the compound (65-i) (50 mg, yield 6.5%) is obtained. Recrystallization from 
hexane gives a compound having a melting point of 87 - 88 C. From the succeeding fractions, the 
compound (65-2) (0.233 g, yield 33.1%) is obtained. Recrystallization from a mixture of diethyl ether and 
hexane gives a compound having a melting point of 104 - 105 ° C. From the last fraction, the compound 

io (65-3) (0.394 g, yield 56%) is~obtained. 

Recrystallization from a mixture of benzene and hexane gives the compound having a melting point of 129 - 
130 °C. 



75 Compound (65-1) 





Elemental analysis (for C19H22CI2O6) 


20 


Calcd.: 


C, 54.69; 


H, 5.31; 


CI, 16.99 




Found: 


C, 54.77; 


H, 5.42; 


CI, 17.10 



'H-NMR (CDCI3) 5ppm: 4.70(2H,s), 4.30(2H,q,J =7), 3.88(3H,s), 2.69(2H,s), 2.2 - 1.25(13H,m). 
Compound (65-2) 



30 


Elemental analysis (for C19H23CIO6) 




Calcd.: 


C, 59.61 ; 


H, 6.05; 


CI, 9.26 




Found: 


C, 59.63; 


H, 5.93; 


CI, 9.19 



35 

'H-NMR (CDCI3) fippm: 6.20(1H,s). 4.72(2H,s) I 4.28(2H,q J =7), 3.88(3H,s), 2.62(2H,s), 2.1 - 1.2(13H,m). 



Compound (65-3) 

40 





Elemental analysis (for C19H23CIO6) 




Calcd.: 


C, 59.61 ; 


H, 6.05; 


CI, 9.26 


45 


Found: 


C. 59.59; 


H, 6.02; 


CI, 9.05 



'H-NMR (CDCI3) 6ppm: 6.02(1H,s) f 4.76{2H.s), 4.27(2H,q t J =7), 3.85(3H,s) t 2.62<2M:s), 2.2 - 1.2(13H,m). 
Preparation 66 



Ethyl 2-{(8-chloro-5-hydroxy-3,4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,1-cyclohexan-7-yl)oxy}acetate 

Ethyl 2-{(8-chloro-5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1 -benzopyran-2,1 '-cyclohexan]-7-yl)- 
oxy}acetate (65-3, prepared in Preparation 65) (0.575 g, 1.50 mmol) is dissolved in dry dichloromethane (3 
ml). To the solution is added dropwise a 2 M boron trichloride solution in dichloromethane (1.5 ml, 3.0 
mmol) at -75 to -70 * C. After stirring at -70 to -50 '* C for 1 .5 hours, ice-cold water is added thereto and the 

28 
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mixture is extracted with dichloromethane. The organic layer is separated, washed w. h aqueous sodium 
Senate, dried, and concentrated. The residue is applied to a silica gel column and elu ed^tt a mocture 
ol aceJonitriie and dichloromethane (1:9) to yield the tit.e compound as a crystalline sohd (0.428 g. y.eld 
77.4%). Recrystallization from diethyl ether gives a product having a melt.ng point of 1 1 0 - 1 1 1 C. 



10 



15 



20 



25 



Elemental analysis (for CiaHteoClOe) 


Calcd.: 
Found: 


C, 58.62; 
C, 58.60; 


H ( 5.74; 
H, 5.69; 


CI, 9.61 
CI, 9.73 



^H-NMR (CDCIs) Sppm: 10.95(1 H,s). 5.94(1 H.s). 4.71(2H,s), 4.28(2H,q,J = 7), 2.69(2H.s). 2.2 - 1.2- 
(13H,m). 

Preparation 67 

Ethyl 2-{(6-chloro-5-hydroxy-3.4-dihydro-4-oxospiro[ 2H -1 -benzopyran-2,1 '-cyclohexan-7-yl)oxy}acetate 

According to the procedure of Preparation 66 employing ethyl 2{(6-chlorc)-5-meihoxyA4^ihydro-4- 
oJoltfSH -1 ^°benzopyran-2.l'-cyclohexan]-7-yl)ox y } acetate (65-2. preparea m^reparauonWIO^S g. 
? 7 mmoO^nd 2 U Zn tncW.de solution in dichloromethane (1.7 ml. 3.4 mmol), the title compound ,s 
prepared as a crystalline solid (0.62 g. yield 94%). Recrystallization from cyclohexane g.ves a product 
having a melting point of 103 - 104 C. 





Elementary analysis (for CisH2oCIOg) 




Calcd.: 


C, 58.62; 


H f 5.74; 


CI, 9.61 


30 


Found: 


C, 58.53; 


H. 5.67; 


CI, 9.78 



35 



1H-NMR (CDCI3) Sppm: 12.4(1H.s). 5.94(1H.s). 4.72(2H.s). 4.28(2H.q.J =7). 2.69(2H,s). 2.2 - 1.2(13H.m). 



50 



Preparation 68 



to Ethyl 2-{(6.8-dichloro-5-h y droxy-3.4-dihydro-4-oxo SP iro[ 2H -l-ben Z o P yran-2.l'-cyclohexan-7- y l)oxy}acetate 

According to the procedure of Preparation 66 employing ethyl 2-{(6.8^ichloro-5-methoxy-3 ^^jhydro-4- 
oxosp£>[ 2H -1-benzopyran-2,l'-cyclohexan-7-yl)oxy>acetate (65-1. prepared ui Preparation 65) (0.635 g 
TSESJrm* 2 M boron trichloride solution in dichloromethane (1 -7 ml. 3.4 mmol). the t ^ compound « 
« prepaTed as a crystalline solid (0.60 g. yield 98%). Recrysta.lizaton from a m.xture of diethyl ether and 
hexane gives a product having a melting point of 134 - 135 C. 



Elemental analysis (for C18H20CI2OG) 


Calcd.: 
Found: 


C, 53.61; 
C, 53.34; 


H, 5.00; 
H. 4.98; 


CI, 17.59 
CI, 17.42 



55 



1 H-NMR (CDCfe) «ppm: 12.35<1H,S), 4.70<2H,s). 4.29(2H.q,J = 7), 2.74<2H,s), 2.2 - 1.2(13H t m). 



Preparation 69 



29 
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10 



Ethyl 2-{(5-methoxy-8-nitro-3,4-dihydro-4oxospiro[ 2H -1-b3nzopyran-2j'-cyclohexanJ-7-yl)oxy}acetate 

Ethyl 2-{(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1 -benzopyran-2,1 '-cyclohexan]-7-yl)oxy}acetate 
(prepared in Preparation 49) (1.3 g, 3.92 mmol) is added by portions to fuming nitric acid (d= 1.50, 10 ml) 
at -60 ° C with stirring. After one hour stirring at -60 to -40 ° C, the reaction mixture is poured into ice-cold 
water. The mixture is extracted with diethyl ether. The ether layer is separated, washed with water and then 
aqueous sodium bicarbonate, dried, and concentrated. The residue is washed with diethyl ether. Recrystal- 
lization from a mixture of ethyl acetate and hexane gives the title compounds as a crystalline solid (1.05 g, 
yield 74.2%. m.p.= 142 - 143 *C). 



15 



Elemental analysis (for C19H23NO8) 


Calcd.: 
Found: 


C, 58.00; 
C, 57.93; 


H, 5.89; 
H, 5.89; 


N, 3.56 
N, 3.60 



^-NMR (CDCI3) Sppm: 5.99(1H,s), 4.74(2H,s), 4.26(2H,q,J = 7), 3.89(3H,s), 2.65(2H ( s), 2.1 - 1.2(13H,m). 



20 



Preparation 70 



25 



30 



35 



Ethyl 2-{(5-methoxy-8-chlorosulfonyl-3,4-dihydro-4-oxospiro[ 2H -1 -benzopyran-2,1 -cyclohexan]-7-yl)oxy} 
acetate 

To a solution of ethyl 2-{(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,1-cyclohexanh7-yl)- 
oxy} acetate (prepared in Preparation 49) (0.80 g, 2.29 mmol) IrTdry dichloromethane (6 ml) is added 
chlorosulfonic acid (1.6 g, 13.7 mmol) with stirring while cooling on ice. After 1.5 hours reaction at room 
temperature, chlorosulfonic acid (0.54 g, 4.64 mmol) is added thereto and the reaction is continued at room 
temperature for additional 0.5 hours. To the mixture is added thionyl chloride (1.09 g, 9.16 mmol) and the 
mixture is heated to reflux for 1.5 hours. The reaction mixture is poured into ice-cold water, and the solution 
is stirred for 10 minutes, and extracted with ethyl acetate. The ethyl acetate layer is separated and washed 
with saturated brine, dried, and concentrated to yield the title compound as a crystalline solid (0.99 g, yield 
96%, m.p.= 74-78 ° C). The product is employed in the next step without purification. 



Preparation 71 



40 



Ethyl 2-{(5-methoxy-8-sulfamoyl-3,4-dihydro-4-oxospiro[ 
oxy}acetate 



2H -1 -benzopyran-2,1 '-cyclohexan]-7-y I)- 



45 



50 



A solution of ethyl 2{(5-methoxy-8-chlorosulfonyl-3,4-dihydro-4-oxospiro[ 2H -1 -benzopyran-2,1 
cyclohexan]-7-yl)oxy}acetate (prepared in Preparation 70) (0.32 g, 0.74 mmol) in dichloromethane (4 ml) is 
added dropwise to a solution of liquid ammonia (2 ml, 80 mmol) and triethylamine (0.1 ml, 0.7 mmol) in 
dichloromethane (4 ml) at -25 to -20 " C. After stirring at the same temperature for 30 minutes, the solvent 
is removed by distillation. The residue is placed on a silica gel column and eluted with a mixture of acetone 
and dichloromethane (1:1) to yield the title compound as a crystalline s0tW^(0.173 g, yield 56.5%). 
Recrystallization from a mixture of ethyl acetate and ether gives a product having a melting point of 188 - 
190 °C. 



55 



Elemental analysis (for CiahfesNOsS) 



Calcd.: 
Found: 



C, 53.39; 


H, 5.89; 


N, 3.28; 


C, 53.19; 


H, 5.90; 


N. 3.20; 



S, 7.50 
S, 7.56 



30 
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'H-NMB (CDCb) *P P m: 5.96(1H. S). 5.88(2H. S ). 4.78(2H.s), 4.34(2H.q.J =7), 3.94(3H,s), 2.66(2H.s), 2.15 - 
1.2(10H,m), 1.34(3H,t.J=7). 

5 Preparation 72 

Ethyl 2-{(5-methoxy-8-N -methylsulfamoyl-3,4-dihydro-4-oxo S piro[ 2H -l-benzopyran-2.l'-cyclohexan]-7-yl)- 

oxy}acetate 

To a solution of ethyl 2-{(5-methoxy-8-chlorosulfonyl-3.4-dihydro-4-oxospiro[ 2H -1 -benzopyrari^ '- 
cvdlhexanV^^ (P epared in Preparation 70) (0.30 g, 0.70 mmol), triethy.am.ne (0.87 ml 6.2 

cyclohexan] 7 yi)oxy;ace« IP P dropwise a 30 % methylamine solution in ethanol (0.181 g, 1.5 mmol) at 
"oto 2 'Covef 10 minut^AfterTo minutes stirring at the same temperature the sojvent is removed 
by dTstilSion. The residue is dissolved in ethyl acetate. The solution is washed w,th d.lute hydrochlonc aad 
then Surated brine, dried, and concentrated. The residue is placed on s.l.ca gel column and eluted 
SSTS^ acetate and dichloromethane (1:1) to yie«d the title .compound as ^crysta ,ne sohd 
To 244 g, yield 82.4%) Recrystallization from ethyl acetate gives a product havmg a melting pomt 177-178 
"C. 



10 



15 



20 



25 



Elemental analysis (for C20H27NO8S) 




Calcd.: 


C. 54.41 ; 


H, 6.16; 


N, 3.17; 


S, 7.26 


Found: 


C, 54.17; 


H, 6.06; 


N, 3.19; 


S, 7.12 



30 



>H-NMR<CDC. 3 ) appm: 6.1 7(1 H,q, J =5.2), 5.95(1H.s). 4.76(2H,s), 4.34(2H,q,J =7.2). 3.94(3H.s). 2.70- 
(3H,d,J = 5.2), 2.66(2H,S)\ 2.1 5 - 1 .2(1 0H,m), 1 -35(3H,t, J - 7.2). 



Preparation 73 



Ethyl 2-«5-methoxy-8-N , N -dimethylsu.famoyl-3.4-dih y dro-4-oxospiro[ 2H -l-benzo P yr an -2.l'-cyc.ohexan- 
35 7-yl)oxy}acetate 

A solution of ethyl 2-{(5-methox y -8-chlorosulfonyl-3,4-dihydro-4-oxo S piro[ 2H - 1 - be " zo Py. ran ^ 1 J 



40 



45 



Elemental analysis (for C 2 iH 2 9N08S) 




Calcd.: 
Found; 


C, 55.37; 
C, 55.20; 


H, 6.42; 
H, 6.30; 


N, 3.07; 
N, 3.06; 


,JS. 7.04 
S, 6.74 m 



50 



1 H-NMR (CDCIs) 5 ppm: 5.93<1H, »). 4.78(2H. •>. 4.28(2H.q,J = 7.2), 3.90(3H. s), 2.92(6H. s), 2.66(2H, s). 2.1 
1.2 <10H.m). 1.3(2H.U = 7.2). 



55 



Preparation 74 



31 



BNSDOCID: <EP 0415566A1_I_> 



EP0 415 566 A1 



Ethyl 2-{(7-methoxy-3,4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,l'-cyclohexan]-5-yl)oxy}acetate 

To a solution of 5,7-dimethoxy-spiro[[ 2H -1-benzopyran-2,l'-cyclohexan]-4(3H)-one (prepared in Prep- 
aration 8) (0.70 g, 2.54 mmol) in dry dichloromethane (5 ml) is added-dropwise 2 M boron trichloride 

5 solution in dichloromethane (3 ml, 6 mmol) at -35 " C. After one hour stirring at -30 to 0 ° C, ice-cold water 
is added to the mixture and the mixture is extracted with dichloromethane. The dichloromethane layer is 
washed with water, dried, and concentrated to yield 5-hydroxy-7-methoxyspiro[ 2H -1-benzopyran-2,1 - 
cyclohexan]-4-(3H)-one as a crude crystalline solid (0.66 g, 99.5%). Recrystallization from hexane gives a 
product having a melting point of 69 - 70 C. 

io A mixture of the above "compound (0.71 g, 2.71 "mmol), ethyl bromoacetate~t0:5e g.^SS^aamol), 
sodium iodide (0.02 g, 0.13 mmol), anhydrous potassium carbonate (0.56 g, 4.06 mmol) and DMF (9 ml) is 
stirred three overnights at room temperature. The mixture is treated in the same manner as in Preparation 
27 to yield the title compound as a thick syrup (0.80 g, yield 85%). 

iH-NMR (CDCIa) 5ppm: 6.10(1 H.d.J =2), 5.89(1 H,d,J = 2), 4.64(2H,s), 4.25(2H,q,'J = 7), 3.78(3H,s), 2.61- 

75 (2H,s), 2.1 - 1.2(13H,m). 



Preparation 75 

(4'-Acetylamino-2',6'-dimethoxyphenyl)ethanone (75-1 ), (4 -acetylamino-2 -hydroxy,^ rjinethoxyphenyl)- 
ethanone (75-2), and (2'-acetylamino-4 ,6'-dimethoxyphenyl)ethanone (75-3) 

To a solution of acetyl chloride (9.42 g, 0.12 mol) in dry dichloromethane (200 ml) is added anhydrous 
25 aluminium chloride (26.68 g, 0.2 mol) at room temperature with stirring and reacted for 0.5 hours, which is 
followed by the addition of N -3 # ,5' dimethoxyphenylacetamide (18.2 g, 0.093 mol) keeping the temperature 
below 10 °C. After 1.5 hours reaction at room temperature, the mixture is diluted with dichloromethane, 
poured into 10% ice-cooled hydrochloric acid, and extracted with dichloromethane. The dichloromethane 
layer is washed with water, dried, and the solvent is removed by distillation. The residue is placed on a 
30 silica gel column and eluted with a mixture of ethyiacetate and dichloromethane (1:1). From the earlier 
fraction, the title compound (75-3) (4.2 g, 19%) is obtained. From the succeeding fractions, the title 
compound (75-2) (2.23 g, 11%) and (75-1) (12.3 g, 50%) are obtained, successively. Each compound is 
employed to the next step without purification. 

35 

Compound (75-1) : m.p.= 194- 195 °C 



Elemental analysis (for C12H15NO4) 


Calcd.: 
Found: 


a 60.76; 
C, 60.41; 


H. 6.37; 
H, 6.24; 


N, 5.90 
N, 5.88 



'H-NMR (CDCI 3 ) 5ppm: 8.15(1H,b), 6.80(2H.s), 3.70(6H.s). 2.45(3H,s), 2.12(3H,s). 
Compound (75-2) ; m.p. = 196 - 197 ° C 



Elemental analysis (for C11H13NCU) 



Calcd.: 


C. 59.19; 


H, 5.87; 


EM, 6.28 


Found: 


C, 59.00; 


H, 5.78; 


N ( 6.13 



55 

'H-NMR (CDCI3) 6ppm: 13.57(1H,s). 7.50(1H,b). 7.10(1 H.d.J = 1 .5), 6.31(1 H.d.J = 1.5). 3.85(3H,s>. 2.60(3H.s), 
2.17(3H,s). 

32 



45 



50 
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Compound (75-3) ; m.p. = 105 - 106 ° C 



5 


Elemental analysis (for C12H15NO4) 


Calcd.: 


C, 60.76; 


H, 6.37; 


N, 5.90 




Found: 


C, 60.74; 


H, 6.30; 


N, 5.76 



10 



1H-NMR (CDCI3) 5ppm: 11.70(1 H,b), 8.00(1 H,d,J = 3), 6.18(1 H,d,J = 3). 3.8'1(6H 1 s);2.56(3H^; 



,s). 



75 



25 



30 



Preparation 76 

(4'-Amino-2',6'-dimethoxyphenyl)ethanone 

A mixture of (4'-acetylamino-2' ( 6'-dimethoxyphenyl)ethanone (compound 75-1) (7.11 g, 0 03 mol) and 
10% potassium hydroxide solution in ethanol is heated to reflux for 3 hours. The solvent is distilled from the 
reaction mixture under reduced pressure. The residue is dissolved in dichiorom ethane, and the solution us 
washed with water, dried, and concentrated. The residue is placed on a silica gel column and^eJu^ 
mixture of ethylacetate and dichloromethane (1:1) to yield the title compound as a crTstaHrne -satrd (5^4 g, 
95%, m.p.= 154-155 * C). 



Elemental analysis (for C10H13NO3) 



Calcd.: 


C, 61.53; 


H, 6.71; 


N, 7.18 


Found: 


C. 61.50; 


H, 6.69; 


N. 7.20 



1H-NMR (CDCI 3 ) Sppm: 5.86(2H,s). 3.76(2H.b). 3.76(6H,s), 2.43(3H.s). 



35 Preparation 77 



40 



45 



50 



55 



(4\6'-Dimethoxy-2'-mercaptophenyl)ethanone 

A so.ution of (2'-hydroxy-4'.6'-dimethoxyphenyl) ethanone (Table 1 literature No. d) (8 , 3. 40-8 rnmol)i in 
dry DMF (31 ml) is added dropwise to a suspension of 60% sod.um hydr.de (1.71 g. 42.8 mmol) .n DMF 
00 m.) under ice-cooling under nitrogen atmosphere. After 5 minutes stirring at roorr N.N- 
dimethylthiocarbamoyl chloride (6.55 g. 53 mmol) is added to the mixture. The m.xture .s heated at 55 to 60 
• ctr one hour witt stirring. To the reaction mixture is added ice-cooled saturated aqueous ammonium 
chloride solution. The mixture is extracted with a mixture of ethyl acetate and d.chloromethane (2.1). The 
eS is washed with saturated brine, dried, and the solvent is removed by dist.llat.oru The res.due .s 
frSS with dX ether, and the mixture is filtered to obtain a crystalline solid (4.84 g). The motherhquror 
te applied to a silica gel column. The column is developed with a mixture o ethyl acetate and 
^chTorametnane (1:9) to obtain an additional crystalline solid (1.43 g). The overatfyeld of C-(2-acetyl-3.5- 
dimethoxvDhenyl)-N , N -dimethylthiocarbamate is 6.25 g (54%). 

This^sta. <3l) g7ll.2 mmol) is dissolved in diphenyl ether (30 ml) and the solut.cn ,s heated at 220 
to 230 ' C for one hour with stirring under nitrogen gas. Diphenyl ether is removed under reduced pressure. 
Thfresidue is placed on a silica gel column and eluted with a mixture of ethyl acetate and d.chloromethane 
0% to obtain S-(2-acetyl-3,5-dimethoxyphenyl)-N . N -dimethylthiocarbamate as a th.ck syrup (1.0 g. y.eld 

33% i' solution of the thick syrup (1.0 g. 3.75 mmol) and 2 N sodium hydroxide (2 3 ml) in , methanol (10^ -nl) 
is heated to ref lux for one hour under nitrogen gas. After the mixture is made acd.c w.th dilute hydrochlonc 
acid methanol is removed under reduced pressure and the residue is extracted w.th d.ethyl ether. The 



33 
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extract is washed with saturated brine, dried, and the solvent is removed by distillation. The residue is 
placed on a silica gel column and eiuted with a mixture of ethyl acetate and dichloromethane (1:9). The 
eluate is again applied to a silica gel column and eiuted with a mixture of ethyl acetate and benzene (1 :9) to 
obtain the title compound as a crystalline solid (0.56 g, yield 76%, m.p.= 57 r 59 ° C). 

1 H-NMR(CDCI 3 ) 5ppm: 6.42(1 H f d,J = 2.2), 6,26(1 H.d.J = 2.2), 4.12(1H f s), 3.85(3H,s), 3.82(3H,s), 2.54- 
(3H,s). 



Preparation 78 

10 • 

5,7-Dimethoxyspiro[ 2H -1-benzothiin-2,1 -cyclohexan]-4(3H)-one 

A solution of (4' f 6'-dimethoxy-2 / -mercaptophenyl) ethanone (prepared in Preparation 77) (0.53 g, 2.5 
75 mmol) and cyclohexanonepyrrolidine enamine (0.57 g, 3.73 mmol) in dry methanol (8 ml) is heated to reflux 
for 3 hours under nitrogen gas. The solvent is removed by distillation and the residue is dissolved in diethyl 
ether. The solution is washed with dilute hydrochloric acid and then with saturated brine, dried, and the 
solvent is removed. The residue is placed on a silica gel column and eiuted with a mixture of ethyl acetate 
and dichloromethane (1:9). The starting material (0.142 g, 26%) and the title compound (crystalline solid, 
20 0.526 g, 71.9%) are obtained, successively. Recrystallization from diethyl ether gives the title compound 
having a melting point of 104 - 105 ° C. 





Elemental analysis (for C16H20O3S) 


25 


Calcd.: 


C, 65.72; 


H, 6.89; 


S, 10.96 




Found: 


C, 65.73; 


H, 6.90; 


S, 10.67 



'H-NMR (CDCI3) 5ppm: 6.35(1 H,d t J = 2.2), 6.20(1 H,d, J = 2.2), 3.86(3H,s), 3.82(3H t s), 2.88(2H,s), 1.95- 1.20- 
(10H,m). 
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35 

5,7-Dihydroxyspiro[ 2H -l-benzothiin-2,l'-cyclohexan]-4(3H)-one 

A mixture of 5 f 7-Dimethoxyspiro[ 2H -1-benzothiin -2,l'-cyclohexanH-(3H)-one (prepared in Preparation 
78) (0.526 g, 1.80 mmol) and pyridine~hydrochloride (4 g, 34.6 mmol) is heated at 205 - 210 °C for 50 

40 minutes with stirring under nitrogen gas. After cooling, dilute HCI is added to the mixture. The mixture is 
extracted with diethyl ether. The extract is washed with saturated brine, dried, and the solvent is removed. 
The residue is placed on a silica gel column and eiuted with a mixture of ethyl acetate and dichloromethane 
(1:9) to obtain the title compound as a crystalline solid (0.459 g, 96%). Recrystallization from diethyl ether 
gives a product having a melting point of 160 - 162 * C. 'H-NMR (CDCI3) Sppm: 13.04(1H,s), 7.5(1H ( b), 

45 6.27(1 H,d,J = 2.2), 6.08(1 H.d,J= 2.2), 2.87(2H,s). 2.0 - 1.1(10H,m>. 



Preparation 80 

50 

5,7-Dimethoxyspiro[1 ,2,3,4-tetrahydroquinoline-2,1 '-cyclohexan]-4-one 

A mixture of (2'-acetylamino-4' i 6 -dimethoxyphenyl)ethanone (compound 75-3, prepared in Preparation 
75) (0.237 g, 1.0 mmol), potassium hydroxide (0.2 g, 3.57 mmol), water (0.2 ml), and ethanol (2 ml) is 
55 heated to reflux for one hour. The solvent is distilled under reduced pressure, and the residue is extracted 
with dichloromethane. The extract is washed with water, dried, and the solvent is removed to yield a 
crystalline residue. Recrystallization from ethyl acetate gives (2 -amino-4 ,6'-dimethoxyphenyl)ethanone as a 
crystalline solid (0.114 g, 58%, m.p. = 104 - 105 " C). 

34 
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is 



To a solution of (2'-amino-4',6'-dimethoxyphenyl) ethanone (3.25 g. 16.7 mmol) in absolute methanol 
(300 ml) is added cyclohexanonepyrrolidine enamine (5.54 g, 36.2 mmol) and pyrrolidine (2:37 g, 33.4 
mmol) The mixture is heated to reflux for 65 hours under argon gas. then the solvent is removed under 
reduced pressure. Ethyl acetate and diethyl ether are added to the residue and the mixture is filtered to 
remove insoluble matter including starting materials (0.87 g). The ethyl acetate layer is separated washed 
dried and the solvent is removed by distillation. The residue is placed on a silica gel column and eluted with 
a mixture of acetone and dichloromethane (1:5) to obtain the title compound as a crystalline solid (0.88 g, 
20%). Recrystallization from a mixture of dichloromethane and diethyl ether gives a product having a 
melting point of 168 - 169 C. 



20 



Elemental analysis (for C16H21NO3) 


Calcd.: 
Found: 


C, 69.80; 
C, 69.65; 


H, 7.69; 
H, 7,57; 


N, 5.09 
N. 4.98 



'H-NMR (CDCI3) fippm: 5.77(1 H,d,J = 2.2), 5.70(1 H,d,J = 2.2), 4.49(1H,b), 3.84(3H,S), 3.79(3H,s), 2.57(2H,s), 
2.2- 1.2(10H,m). 

Preparation 81 



25 



30 



35 



40 



5,7-Dihydroxyspiro[1,2,3,4-tetrahydroquinoline-2,l'-cyclohexan]-4-one 

A mixture of 5,7-dimethoxyspiro[1.2,3,4-tetrahydroquinoline-2.l'-cyclohexan]-4-one .(prepared in Prep- 
aration 80) (0.422 g. 1.53 mmol) and pyridine hydrochloride (1.2 g, 10.4 mmol) is heated at 190 C for one 
hour with stirring under nitrogen gas. After cooling, dilute hydrochloric acid is added to the mixture and ttie 
mixture is extracted with ethyl acetate. The extract is washed with saturated brine, dned, and the solvent is 
removed by distillation. The residue is placed on a silica gel column and eluted with a m.xture of ett,yl 
acetate and dichloromethane (1:3). From the earlier fractions. ^y^^ 11 ^^^^ 
tetrahydroquinoline-2,l'-cyclohexan]-4-one is obtained as a crystalline sol.d (0.098 g. 25 /<>). From the 
succeeding fractions, the title compound is obtained as a crystalline solid (0.26 g. 68%). RecrystalUzation 
from diethyl ether gives a product having a melting point of 132 - 133 C. 



Elemental analysis (for 




Ci*Hi7N0 3 M/2H 2 0) 






Calcd.: 


C, 66.65; 


H. 7.46; 


N, 5.18 


Found: 


C. 66.47; 


H, 7,13; 


N. 5.25 



45 



1 H-NMR (CDCb) «ppm: 12.5(1 H,S), 5.67(1 H.d.J = 2.2), 5.60<1H,b), 5.56(1 H,d,J = 2.2), 4.45(1 H.b), 2.60- 
(2H,s). 1.8- 1.2(10H,m). 



50 



55 



Example 1 Q ^ 

{(3.4-Dihydro-4-oxospiro[ 2H -l-benzopyran-2,l'-cyclohexan]-6yl)oxy}acetic acid 

A mixture of ethyl (2-{(3.4-dihydro-4-oxospiro[ 2H .1^benzopyran^,l'-cyclohexan>6.yl)oxy}acetate 
(prepared in Preparation 27) (0.5 g. 1.57 mmol) and 1 N sodium hydroxide (1^9 m. 1 "J!^^ 
(5 ml) is stirred at room temperature for one hour. The mixture .s made acidic w.th 1N HCI. filtered, and 
washed with a small amount of water to separate crystalline precipitates 

Recrystallization from a mixture of diethyl ether and hexane gives the title compound as a crystalline sol.d 
(0.39 g, 85.6%, m.p. = 148- 149 * C). 



35 
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Elemental analysis (for 


Ci 6 H 18 0 5 ) 




Calcd.: 


C f 66.19; 


H, 6.25 


Found: 


C, 66.03; 


H, 6.35 



'H-NMR (d 6 -DMS0) fippm: 7.23(1 H.dd.J = 9,2), 7.16(1 H,d,J = 2), 6.99(1 H,d, J = 9), 4.67(2H,s), 2.74(2H,s), 2.1- 
1.1(10H,m). ... - 



Example 2-47 



20 



25 



Et0 2 C-CH 2 -0 s 




(VI) 



or 



Et0 2 C~CHo-0 




N-NaOH 



30 



35 




H0 2 C-A-(T 8 



C I ') 



4 <> In Examples 2 to 47, corresponding compounds (I ) were prepared according to the procedure of 
Example 1 employing the starting materials (VI or VII) and reaction conditions given in Table 9. 
Physicochemical properties of each product are shown in Table 10. 
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Example 48 



10 



15 



2-{<5-Methoxy-3,4-dihydro-4-oxospiro[ 2H -1 -benzopyran-2,1 '-cyclohexan]-7-yl)amino}acetic acid 

A mixture of (4'-amino-2\6'-dimethoxyphenyl) ethanone (prepared in Preparation 76) (1.185 g. 6.08 
mmo^T diclLethane (30 m.). triethylamine (0.55 g. 5.5 mmol. and ttf luoroacebc .aad £**pde 
nTs a 5 48 mmol)) is stirred for 1.5 hours under ice-cooling, wh.ch ,£ followed by the addtfor. o 
^ro^Z^te^ore is washed with dilute hydrochloric acid and then water, d ned, and "he -Ivan 
Removed by «^ -a 

g, yield 85%, m.p.= 172 - 173 C). 



20 



Elemental analysis (for C12H12F3NO4) 


Calcd.: 
Found: 


C, 49.49: 
C, 49.51: 


H, 4.15; 
H, 4.19; 


N, 4.81 
N, 5.05 



25 



30 



35 



40 



ih NMR (CDCM 8DDm- 8.42(1 H,b). 6.83(2H,s), 3.78(6H,s), 2.46(3H,s). 

drous DlT 60 U anhydrous potassium carbonate (0.50 g. 3.62 mmol), and methyl bromoacetate (0 55 g, 
3 74 mmol) s heated at 70 ' C for 45 minutes with stirring. The mixture is diluted with water and extracted 
wtth Xl acetete The ethyl acetate layer is washed with water, dried, and the solvent .s removed by 
S.laK Thf residue is pLced on a sLa gel column and eluted with a mixture of ^V^Jp 
eStSate (15:1) to yiefd a crude product. «ecrysta,.ization ^ from »vesrne%, (4 -acety.-3 .5 - 
dimethoxyphenyl-N-trmuoroacetylamino)acetate(l.26g.y.eld9i%,^p.- 108 109 C). 

•H-NMR (CDCfe) 5ppm: 6.60(2H,s). 4.37(2H,s), 3.80(9H,s), 2.47(3H,s). VBMfato „ , n 

To a solution of above methyl (4'-acetyl-3'.5'-dimethoxyphenyl-N -trifluoroacetylaminojacetate (12 , 
3 36 mmotranhydrous dichloromethane (50 ml) is added dropwise 2 M boron tnchlonde ■ ,n dich- 

j.jt> mmoi; m • r Aft 1 5 nours st irring at room temperature, ice-cold water is 

2TS£SS£ ™ mTu'e f the°n extraS^^ The extract is washed with waten 

driS an ^the TsXius removed by distillation. The residue is placed on a silica gel column and eh.ted 
w^a m"xtu« ol ^^cl omlthane and ethyl acetate (20:1) to obtain a crystal product (1*4 g y^eld 90%^ 
w.m a mixture o product (0.95 g) is dissolved in absolute methanol (40 ml), and 0.2 N 

m.p.- 79 80 O). me cryswi.ino p \ HroDwise to it at 0 C. After 20 minutes stirring, 

sodium methylate solution in methanol (10.65 ml) is added dropwise to « « u mixture 
the solvent Is removed by distillation. The residue is placed on a s.lica gel column and e uted with a mi*ure 
^jS^ILn. and ethyl acetate (20:1 ) to obtain methyl (4 -acetyl-3 -hydroxy-5 -methoxypheny.am.no)- 
acetate (0.388 g, yield 56%, m.p. = 114-115 C). 



45 



50 



55 



Elemental analysis (for Ci 2 His NO 


5) 


Calcd.: 
Found: 


C. 56.91; 
C. 56.92; 


H, 5.97; 
H, 5.95; 


N. 5.53 
N, 5 73 



„ oKertlll+A fithanni <30 mh and cvclohexanonepyrrolidine enamme (0.462 g, 3.02 mmol) is neatea 10 

Z^lS^^^^^ so.vent Removed. The residue is disso.ved in ethyl acetate. 
T^i^Ti^iSSd^ HC. and then water, dried, and the so.vent is removed. The res.due is 
I^ed on a silicraeTco umn and eluted with a mixture of dichloromethane and ethyl acetate ( :1). The 
string matenaMoS g lT.5<£) is recovered from the earlier fractions. From the succeeds fractions. 
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methyl 2-{(5-methoxy-3 I 4-dihydro-4-oxospiro[2 H «1-benzopyran-2 t l'-cyclohexan]-7-yl)amino}acetate is ob- 
tained as a crystalline solid (0.481 g, 82%, m.p.= 168 - 169 ° C). 



Elemental analysis (for C18H23NO5) 


Calcd.: 
Found: 


C, 64.85; 
C, 64.57; 


H, 6.95; 
H, 7.00; 


N, 4.20 
N, 4.53 



1 H-NMR (CDCI3) Sppm: 5.71(1 H.d.J = 2.2), 5.69(1 H ( d,J =2.2), 5.7 - 4.6(1H,b), 3.95(2H,s), 3.86(3U,s), 3.82- 
(3H,s). 2.59(2H,s), 2.1 - 1.2(10H.m). 

A mixture of methyl 2-{(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,l'-cyclohexan]-7-yl)- 
amino}acetate obtained above (0.394 g, 1.18 mmol), 1 N sodium" hydroxide (1.19 ml, 1.19 mmol), and 
ethanol (10 ml) is stirred at room temperature for one hour. Ethanol is distilled under reduced pressure, and 
the residue is dissolved in water. The aqueous solution is washed with ethyl acetate, and filtered to remove 
insoluble substances. The filtrate is adjusted to pH 5 - 6 with dilute HCI. The resulting crystalline precipitate 
is separated by filtration, washed with water and dried to yield the title compound as a crystalline solid 
(0.351 g, 93%, m.p.= 112-113 °C). 



Elemental analysis (for C17H21 NO5) 


Calcd.: 
Found: 


C, 63.94; 
C, 63.82; 


H, 6.63; 
H, 6.60; 


N, 4.39 
N, 4.23 



1 H-NMFt (d 6 -acetone) 5ppm: 5.98(1 H,d,J =2.2), 5.95(1 H,b), 5.79(1 H,d, J =2.2), 4;03(2H,d, J = 5.2), 3.74(3H,s), 
2.45(2H.s), 2.1 - 1.2(10H,m). 



Example 49 



2-{(5-Hydroxy-3,4-dihydro-4-oxospiro[2 H -1-ben20thiine-2,l'-cyclohexan]-7yl)oxy}acetic acid 

(1) A mixture of 5.7-dihydroxy-spiro[ 2H -1-benzothiine-2 f l'-cyclohexan]-4(3H)-one (prepared in Prep- 
aration 79) (0.47 g, 1.78 mmol), ethyl bromoacetate (0.297 g, 1.78 mmol), anhydrous potassium carbonate 
(0.368 g, 2.67 mmol), and dry acetonitrile (5 ml) is stirred overnight at room temperature. The mixture is 
stirred at 35 ° C for additional 5 hours. The reaction mixture is filtered to remove inorganic materials. The 
solvent is removed by distillation from the filtrate. The residue is placed on a silica gel column and eluted 
with a mixture of dichloromethane and ethyl acetate (9:1) to obtain ethyl 2-{(5-hydroxy-3,4-dihydro-4- 
oxospirof 2H -1-benzothiine-2,l'-cyclohexanh7-yl)oxy}acetate as a crystalline solid (0.57 g, 91.5%). Re- 
crystallization from diethyl ether gives a product having a melting point of 87 - 88 ° C. 



Elemental analysis (for C18H22O5S) 


Calcd.: 
Found: 


C. 61.69; 
C, 61.73; 


H, 6.33; 
H, 6.45; 


S, 8.95 



^-NMR (CDCI3) 5ppm: 1 3.05(1 H,s), 6.36(11-1^=2.4), 6.09(1 H,d, J = 2.4), 4.61 (2H f s), 4.28(2H,q,J = 7), 
2.90(2H,s), 2.0 - 1.2(10H,m) f 1.30(3H ( t.J = 7). 

(2) A mixture of the crystalline solid (0.11 g, 0.314 mmol) obtained above (1), 1 N-sodium hydroxide 
(0.76 ml, 0.76 mmol), and ethanol (1 ml) is stirred at room temperature for 2 hours. The mixture is made 
acidic with dilute HCI. The resulting crystalline precipitates are separated by filtration, washed with water, 
dried and recrystallized from diethyl ether to yield the title compound as a crystalline solid (0.092 g, 90%, 
m.p.= 189 -190 °C). 
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Elemental analysis (for CisHisOsS) 


Caicd.: 
Found: 


C, 59.61; 
C, 59.39; 


H, 5.63; 
H. 5.85; 


S, 9.94 
S, 9.82 



5 

1H-NMR (ds-DMSO) 5ppm: 13.03<1H,s), 6.42(1 H,d, J = 2.4), 6.19(1H.d,J = 2.4>, 4.78(2H,s), 2.98<2H,s), 1.1 
1.1(10H,m). 

10 

Example 50 



15 



20 



2-{(5-Methoxy-3,4-dihydro-4-oxo S piro[ 2H -l-benzothiin-2,l'-cyclohexan]-7-yl)oxy}acetic acid 

A mixture of ethyl 2-{(5-hydroxy-3.4-dihydro-4-oxospiro[ 2H -l-ben Z othii n -2,l'-cyclohexan-7-yl>- 
mixtu ' e or ™?* «« , 012 9 q 0 369 mmoljTmethyl iodide (0.078 g, 0.56 mmol), 

oxy}acetate (prepared .n Examp e « 0» <PJ ^* °2 dry DMF (1 ml) is stirred overnight at room 
SSS^E ote°nt a s £££ -idue \s dissCved in diethyl ethen The 

Sn is wShed with saturated brine, dried and concentrated. The residue .s placed on a s.l.ca gel 
column id TeLted with a mixtue of dichloromethane and ethyl acetate (9:1) to obtam ^uct as a 
crysSinTsolid (0.118 g. 88%). Recrystallization from ethanol gives a product te^ng ar meltrng ^1^121 
- 122 *C). 



25 



30 



35 



40 
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Elemental analysis (for C19H24O5S) 


Calcd.: 
Found: 


C, 62.62; 
C t 62.40; 


H, 6.64; 
H, 6.59; 


S. 8.80 
S, 8.53 



-H-NMR (CDCI3) appm: 6.29(2H.s). 4.62(2H.s), 4.26(2H.q J = 7). 3.87<3H.s>, 2.86(2H. S ). 2.2 - 1.2(10H.m). 

''Tmirfurl'of the above crystalline so.id (0.085 g. 0.23 mmol). 1 N-sodium hydroxide (0.28 ml. 0.28 
mmo^ and ethanol (2 ml) is stirred at room temperature for 0.5 hours. The mixture .s made acd.c w.th 
dilute hS an MMM under reduced pressure to remove ethanol. The residue is extracted wrth a m.xture 
S^J^1S^SSn-h« (1:1). The organic .ayer is washed ^'^^^^ 
MtonUs removed. The crystalline residue is washed with diethyl ether and recrystalLzed from ethanol to 
yield the title compound (0.070 g, 89.4%. m.p. = 195 - 196 C). 



Elemental analysis (for C17H20O5S) 



Calcd.: 


C t 60.70; 


H, 5.99; 


S, 9.53 


Found: 


C. 60.59; 


H, 5.96; 


S, 9.29 



1 H-NMR (ds-DMSO) * PP m: 13.14(1H,). 6.40(1 H.d.J = 22). 6.38(1.H.d^ = 2.2). 4.80(2H.s), 3.77(3H,s). 2.80- 
(2H,s). 1.9 - 1.1(1 OH.m). — ~ 



50 



Example 51 



55 



2-{(5-Hydroxy-4-oxospiro[1 .2.3.4-tetrahydroquinoline-2.1 '-cyclohexan]-7-yl)oxy}acetic acid 

m A mixture of 5.7^ihydroxy sp iro[1.2.3,4-tetrahydroquinoline-2.l'-cyclohexanH-one (prepared in 
PreoLfon aT(0.247 9 1.0 mmol). ethyl bromoacetate (0.184 g. 1.10 mmol). anhydrous potassium 
0^7(0 207 g. 1.5 mmo.). and dry acetonitrile (4 m.) is stirred at room temperature for 4 hours. The 



carbonate (0.207 g 
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solvent is removed under reduced pressure and the residua is extracted with ethyl acetate and water. The 
ethyl acetate layer is separated, washed with water, dried, and the solvent is removed. The residue is 
placed on a silica gel column and eluted with a mixture of acetone and dichloromethane (1:10) to obtain a 
crude product. Recrystaliization from a mixture of diethyl ether and hexane gives ethyl 2-{(5-hydroxy-4~ 
5 oxospiro[1 ( 2,3,4-tetrahydroquinoline-2,1 / -cyclohexan]-7-yl)oxy}acetate (0.265 g, 79%, m.p.= 134 - 135 °C). 





Elemental analysis (for C18H23NO5) 




Calcd.: 


C, 64.85; 


H, 6.95; 


N, 4.20 


10 


Found: 


C. 64.52; 


H.7.01; 


N, 4.15 



'H-NMR (CDCI3) 5ppm: 12.47(1H,s), 5.70(1 H.d.J = 2.4), 5.64(1 H,d,J = 2.4), 4.58(2H,s), 4.45(1H,b), 4.28- 
(2H,q,J = 7), 2.60(2H,s), 1.9 - 12(10H,m), 1.31(3H,t,J = 7). 

(2) A mixture of the product obtained in (1) (0.103 g, 0.31 mmol), 0.2 N sodium hydroxide (1.85 ml, 0.37 
mmol), and ethanol (2 ml) is stirred at room temperature for 0.75 hours. The mixture is made acidic with 
dilute HCI and distilled under reduced pressure to remove ethanol. The residue is extracted with ethyl 
acetate. The organic layer is separated, washed with saturated brine, dried, and the solvent is removed to 
obtain crystalline residue. The residue is washed with diethyl ether, and recrystallized from ether to obtain 
the title compound (0.090 g, 95%, m.p.= 177- 178 ° C). 



Elemental analysis (for 




Ci 6 Hi 9 N05 # 1/2H 2 0) 






Calcd.: 


C, 61.14; 


H.6.41; 


N, 4.45 


Found: 


C, 61.36; 


H, 6.50; 


S, 4.33 



30 1 H-NMR (de-DMSO) 5ppm: 13.10(1H,b), 12.46(1H,s), 6.87(1H.bs), 5.83(1 H.d.J = 2.2), 5.52(1 H,d, J = 2.2), 4.62- 
(2H.s). 2.51 (2H,s), 1.80 - 1.20(10H.m). 



Example 52 

35 

2{(5-methoxy-4-oxospiro[1 ,2,3,4-tetrahydroquinoline-2,1 '-cyclohexan]-7-yl)oxy}acetic acid 

(1) A mixture of ethyl 2-{(5-hydroxy-4^xospiro[1,2,3,4-tetr^ 

40 acetate (prepared in Example 51 (1)) (0.15 g, 0.45 mmol), methyl iodide (0.071 g, 0.50 mmol). anhydrous 
potassium carbonate (0.094 g, 0.68 mmol), and dry DMF (4 ml) is stirred at 40 °C for 9 hours. After the 
addition of methyl iodide (0.14 g. 1.0 mmol), the stirring is continued for an additional 4 hours. The solvent 
is removed by distillation and the residue is dissolved in ethyl acetate. The solution is washed with 
saturated brine, dried, and the solvent is removed. The residue is placed on a silica gel column and eluted 

45 with a mixture of ethyl acetate and dichloromethane (1:10). The earlier fractions containing oily materials are 
discarded. From the succeeding fractions, the desired product is obtained as a crystalline solid (0.067 g, 

43%, m.p. = 1 58 - 1 59 ° C). 

1 H-NMR (CDCI3) Sppm: 5.83(1 H,d, J = 2.4). 5.62(1 H.d.J = 2.4), 4.58(2H,s)^4 i 29(2H,q I J = 7), 3.84<3H,s), 
2.57(2H.s). 2.9 - 1.2(10H,m), 1 .31 (3H,t. J = 7). 

50 (2) A mixture of the above crystalline solid (0.060 g, 0.173 mmol), 0.2 N sodium hydroxide (1 ml, 0.2 
mmol). and ethanol (1 ml) is stirred at room temperature for 1 .75 hours. The mixture is made acidic with 
dilute HCI. Ethanol is removed under reduced pressure to yield a crystalline residue. The residue is 
dissolved in acetone and the mixture is filtered to remove insoluble materials. The filtrate is distilled under 
reduced pressure. The residue is recrystallized from a mixture of acetone and diethyl ether to yield the title 

55 compound as a crystalline solid (0.031 g, 56%, m.p. = 241 - 242 ° C). 
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Elemental analysis (for 




Ci 7 H2iNO5'1/2H 2 0) 






Calcd.: 


C, 58.94; 


H, 6.98; 


N, 4.04 


Found: 


C, 58.64; 


H. 6.75; 


S. 4.04 



10 



'H-NMR (d 6 -DMSO) 6ppm: 13.10(1 H.b). 6.65(1H,bs), 5.94(1 H.d,J = 2.2), 5.69(1 H.d.J =2.2). 4.61(2H,s), 3.66- 
(3H,s),2.33(2H.s), 1.80- 1.20(1 OH.m). 



Example 53 



20 



25 



30 



{(5-Methoxy-4-chlorospiro[ 2H -l-benzopyran-2,l'-cyclohexan]-7-yl)oxy}acetic acid 

{ (5-Methoxy-3.4-dihydro-4-oxospiro[ 2H -1 -benzopyran-2,1 '-cyclohexan]-7-yl)oxy}acetic acid (prepared 
in Example 21) (0.29 g. 0.91 mmol) is reacted with an excess of diazomethane in diethyl ether. The mixture 
s to remove diazomethane and ether. To the residue is added oxaiyi chloride (0.463 g, 3.65 mmol) 

and dry benzene (10 ml), and the mixture is heated to reflux for 3.5 hours. The solvent .s removed under 
reduced pressure The residue is placed on a silica gel column and eluted with a mature 
and hexane (1:2) to obtain methyl {(5-methoxy-4-chlorospiro[ 2H .^ e raopyr a f^,1-eyGtehexarv7-yl)- 
oxy>acetate as a crystalline solid (0.30 g, 93%). 

A mixture of the obtained ester (0.30 g, 0.85 mmol), 1 N sodium hydrox.de (1 ml. 1.0 i mmol). and 
ethanol (2 ml) is stirred at room temperature for 0.5 hours. The reaction mixture is made acidic with IN 
HCI and distil ed under reduced pressure at room temperature to remove ethanol. The residue .s extracted 
S diethyl ether. The extract is washed with saturated brine, dried, and the solvent .s removed under 
Teduced pressure. The residue is treated with diethyl.ether and recrystallized from 80% ethanol to obtain 
the title compound (0.185 g, 64.5%, m.p.= 132 - 133 C). 



35 



Elemental analysis (for C17H19CIO5) 


Calcd.: 
Found: 


C, 60.27; 
C, 60.13; 


H, 5.65; 
H, 5.75; 


CL 10-46 
CI, 10.18 



40 



45 



50 



55 



1H-NMR (d 6 -DMSO) Sppm: 13.05<1H.b), 6.22(1 H,d.J = 2.4), 6.12<1H,d.J = 2,4h 5.75(1H,s). 4.70(2H.s), 3.76- 
(3H,s). 1.85- 1.1(1 0H,m). 

Example 54 

{ (5-Methoxy-3.4-dihydrodispiro[2H-1-benzopyran^ 

A mixture of ethyl {(5-methoxy-3.4-dihydro-4-oxospiro[ 2H -l-^"^^ 2 ' 1 '^!"^^ - ^!!; 
acetate (prepared in Preparation 49) (0.5 g. 1.44 mmol). ethanedithibl (07149 g. 1^59 mmol) dry benzene , (io 
ml) and I p -Lenesulfonic acid (0.013 g. 0.076 mmol) is heated to reflux for 12H™rs ^ 
tropic dehydration. The solvent is removed under reduced pressure. The residue ,s app hed to a s hca 
St coLn and" eluted with a mixture of ethyl acetate and dichloromethane (1 The e.uate ; is £*»d to a 
Lobar column and eluted with a mixture of ethyl acetate and hexane (1:2) to obtain ethyl (Cfr*™"^'* 
dihvdrodispiro[ 2H -1 -benzopyran-2.1 '-cyclohexan4.2 -[1 .3]dithiolan>7-yl)oxy}acetate as an , oil (0.50 g. 
S^SurTof the ester P (0-49 g. 1.16 mmol). 1 N sodium hydroxide (1.27 j".^^^*^ 
(5 ml) is stirred at room temperature for 0.5 hours. The reaction mixture «s made acute with I N HC\ and 
disc ed under reduced pressure at room temperature to remove ethanol The residue .s exacted w.th 
diethyl ether. The extract is washed with saturated brine, dried, and the solvent .. removed undariradwad 
pressure. The residue is treated with a mixture of diethyl ether and hexane to obtam the title compound as 
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a crystalline solid (0.43 g, 93.7%). Recrystallization from ethyl acetate gives a product having a melting 
point of 189 - 190 * C. 



Elemental analysis (for C19H24OSS2) 


Calcd.: 
Found: 


C t 57.55; 
C, 57.39; 


H, 6.10; 
H ( 5.95; 


S, 16.17 
S, 16.46 



1 H-NMR (ds-DMSO) Sppm: 13.0(1H,b), 6.15(1H,d,J = 2.4), 5.88(1 H,d,J = 2.4), 4.62<2H,s), 3.77(3H,s), 3.6 - 3.3- 
(4H,m), 2.55(2H,s), 1.8 - 1.2(10H,m). 



Example 55 



2-{ N -acetyl-(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,V-cyclohexan-7-yl)amino}acetic acid 

To a solution of 2-{(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1-benzopyran-2.l'-cyclohexan-7-y)- 
amino}acetic acid (prepared in Example 48) (0.204 g, 0.64 mmol) in pyridine (3 ml) is added acetyl chloride 
(0.126 g, 1.61 mmol) and the mixture is stirred two overnights at room temperature. To the reaction mixture 
is added ice and dilute hydrochloric acid, and the mixture is extracted with ethyl acetate. The extract is 
washed with water, dried, and the solvent is removed. The residue is applied to a silica gel column and 
eluted with a mixture of ethyl acetate, dichloromethane and acetic acid (200:800:1). The eluate is distilled 
under reduced pressure and the residue is dissolved in ethyl acetate. The solution is washed with water, 
dried, and the solvent is removed to obtain the title compound as an amorphous substance (0.080 g, 33%). 



Elemental analysis (for 




CigH 2 3N06*5/4H 2 0) 






Calcd.: 


C, 59.44; 


H, 6.69; 


N, 3.65 


Found: 


C, 59.70; 


H, 6.42; 


N, 3.61 



1 H-NMR (CDCI3) Sppm: 6.56(1 H,d, J = 1.6). 6.46(1 H,d,J = 1 .6), 4.9(1 H,b), 4.38(2H,s). 3.90(3H.s), 2.69(2H,s), 
2.06(3H,s), 2.1 - 1.2(10H f m). 



40 Example 56 

Pivaloyloxymethyl 2-{(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1-benzopyran-2 ( l'-cyclohexan-7-yl)oxy}acetic 
acid 

To a solution of 2-{(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1 -benzopyran-2,1 -cyclohexan-7-yl)- 
oxy}acetic acid (prepared in Example 21) (4.0 g, 12.5 mmol) in acetojnitrile (30 ml) is added 2 N potassium 
hydroxide (7.5 ml, 15 mmol) and the mixture is stirred at room temperature for 2 hours. The solvent is 
removed under reduced pressure. The residue is mixed with ethanol and the mixture is filtered to separate 

so potassium 2-{(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1 -benzopyran-2,1 '-cyclohexan-7-yl)oxy}acetate as a 
crystalline solid (4.11 g, 92%). To a solution of the crystalline potassium salt (2.0 g, 5.6 mmol) in dry DMF 
(20 ml) is added 1-iodomethyl pivalate (1.756 g, 7.25 mmol), and the mixture is stirred at room temperature 
for 3 hours and distilled under reduced pressure. To the residue is added ice-cold water and the mixture is 
extracted with ethyl acetate. The extract is dried and distilled under reduced pressure. The residue is 

55 purified by silica gel column chromatography (eluent : dichloromethane and acetone, 20:1). The eluate is 
treated with a mixture of diethyl ether and hexane to obtain the title compound as a crystalline solid (2.0 g. 
82.6%. m.p.= 110-111 *C). 
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Elemental analysis (for 


C23H30O8) 




Calcd.: 


C. 63.59; 


H, 6.96 


Found: 


C. 63.58; 


H. 6.97 



10 



1 H-NMR (CDCI3) appm: 6.12<1H.d.J = 2.4), 5.96(1 H.d.J = 2.4), 5.86(2H,s). 4.68(2H,s), 3.87(3H.s). 2.62- 
(2H,s), 2.05 - 1.25(10H,m), 1.22(9H,s) : 



15 



20 



25 



30 



Example 57 



2-{(5-methoxy-3.4-dihydro.4K)xospiro [ 2H .l.benzopyran-2.l'-cyclohexan-7-yl)- 



1-(Pivaloyloxy)ethyl 
oxy}acetate 

To a solution of potassium 2-{(5-methoxy-3.4-dihydro-4-oxospiro[ 2H -1 -benzopyran-2 .1 '- c ^ lo »« xa ^ 
y ,)ox7}ietate spared in Example 56) (0.50 g, 1.4 mmol) in dry DMF (5 ml) is added 1-,odoett,yl p.va ate 
S 523 g 1 68 mmol). and the mixture is stirred at room temperature for 0.5 hours and allowed to stand 
J2S at 5 -C. The mixture is reacted at room temperature for an additional one hour wth stum^ Jhe 
3n mixture is then treated in a same manner as Example 56. "^^'^rS^a 
diethyl ether and hexane gives the title compound as a crystalline solid (0.372 g, 59 A,.m.p. 121 1^ 

■C). 



Elemental analysis (for 


C 24 H 3 20 8 *1/4H20) 




Calcd.: 


C, 63.63; 


H, 7.23 


Found: 


C, 63.72; 


H.7.10 



1 H-NMR (CDCI 3 ) 5ppm: 6.91 (1H.qJ = 5.4). 6.09(1 H,d.J = 2.4), 5.97(1 H,d, J =2*4), 4.63(2H.s), 3.86(3H,s), 2.61- 
35 (2H,s). 2.05- 1.10(10H,m). 1.49(3H.d.J = 5.4). 1.18(9H,s). 



Example 58 



40 



45 



50 



H (2-Cyclohe>cyla^ 

yl)oxy]acetate 

To a solution of potassium 2-{(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1 -benzopyran-2 ^1 '-cyclohexan-7- 
is treated the same manner as Example 56 to yield the title compound as a thick syrup (0.343 g. 50^. 



Elemental analysis (for 


C 2 7H 3e 0 8 ) 




Calcd.: 


C. 66.38; 


H, 7.43 


Found: 


C. 66.32; 


H, 7.58 



55 



'H-NMR (CDCb) 6 PP m: 6.92(1 H,q, J = 5.4). 6.08(1 H.d.J = 2.2). 5.96(1 H.d.J = 2.2). 4.60(2H,s), 3.85(3H,s), 
(2H.s). 2.17(2H,d,J = 7.0), 2.00- 0.80(21 H.m). 1 .50(3H.d,J = 5.4). 



2.59- 
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Example 59 

l-(Methoxycarbonyloxy) ethyl 2-[(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,l'-cyclohexan-7- 
yl)oxy]acetate 



To a solution of potassium 2-{(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,1 -cyclohexan-7- 
yl)oxy}acetate (prepared in Example 56) (0.50 g, 1.4 mmol) in dry DMF (5 ml) is added 1-chloroethyl 
methylcarbonate (0.232 g, 1 .68 mmol). The mixture is stirred at room temperature for one hour, and then at 
70 ° C for one hour. The reaction mixture is treated in a same manner as Example S^ri^errystalfeation 
from a mixture of diethyl ether and hexane gives the title compound as a crystalline solid (0.234 g, 40%, 
m.p.= 97-98° C). 



75 



20 



Elemental analysis (for 


C21 H26O9) 




Calcd.: 


C, 59.71; 


H, 6.20 


Found: 


C, 59.74; 


H, 6.17 



'H-NMR (CDCI3) Spprn: 6.84(1 H.q.J = 5.4), 6.08(1 H.dJ = 2.3), 5.98(1 H,d,J = 2.3), 4.63(2H,s), 3.85(3H,s), 3.79- 
(3H,s), 2.60(2H t s), 2.00 - 1.20(10H,m), 1.54(3H,d,J =5.4). 



25 



Example 60 



30 



35 



Phthalidyl 2-[{5-methoxy-3 ) 4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,1 -cyclohexan-7-yl)oxy]acetate 

To a solution of potassium 2-{(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,1-cyclohexan-7- 
yl)oxy}acetate (prepared in Example 56) (2.18 g, 6.1 mmol) in dry DMF~(20 ml) is added phthalidyl bromide 
(1.684 g, 7.9 mmol) and the mixture is stirred at room temperature for 7.5 hours, and distilled under 
reduced pressure. To the residue is added ice-cold water and the mixture is extracted with ethyl acetate. 
The extract is washed with water, dried, and distilled under reduced pressure. The resulting residue is 
purified by silica gel column chromatography (eluent: dichloromethane and acetone, 20:1) to yield the title 
compound as a crystalline solid (1.394 g, 51%, m.p. = 1 19 -120° C). 



40 



Elemental analysis (for 


C25H24O8) 




Calcd.: 


C, 66.37; 


H, 5.35 


Found: 


C, 66.07; 


H, 5.52 



45 



55 



1 H-NMR (CDCb) fippm: 8.05 - 7.50(5H,m), 6.11(1H,d,J = 2.2), 5.93(1 H,d,J = 2.2), 4.75(2H,s), 3,86(3H,s), 
2.64(2H,s), 2.1 0- 1 .20(1 0H,m). 



50 Example 61 



1 ,5-Dihydro-1 -{2-[(5-methoxy-3,4-dihydro-4-oxospiro[ 
acetyloxymethyl}-4H-pyrazolo[3 ( 4-d]pyrimidin-4-one 



2H 



-1 -benzopyran-2,1 -cyclohexan-7-yl)oxy]- 



To a mixture of 2-{(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1 -benzopyran-2,1 -cyclohexan-7-yl)- 
oxy}acetic acid (prepared in Example 21) (0.960 g, 3.0 mmol), triphenyiphosphine (0.944 g f 3.6 mmol), 1,5- 
dihydro-1-hydroxymethyl-4H-pyrazolo[3,4-d]pyrimidin-4-one [P.C.Bausal, I.H.Pitman, and T.Higuchi. 
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j Pharrn S ci 70. 855. (1981)] (0.548 g. 3.3 mmol) in dry dioxane (20 ml) is added a solution of diethyl 
azodicarboxylate (0.626 g1 3.6 mmol) in dioxane (10 ml). After 3 days stirring at room temperature, d.ethyl 
azodicarboxylate (0.104 g, 0.6 mmol) is added to it and the mixture is stirred for an add.tional 2 hours. The 
mixture is distilled under reduced pressure and the residue is purified by silica gel column chromatography 
(eluent: dichloromethane and methanol. 20:1). Reorganization from ethyl acetate gives the title compound 
as a crystalline solid (1 .0 g, 70%. m.p. = 139-141 " C). 



w 



Elemental analysis (for 
C23H24N4O7M/2H2O) 


Calcd.: 
Found: 


C, 57.86; 
C, 57.70; 


H, 5.28; 
H, 5.08; 


N, 11.73 
N, 11.84 



,s 'H-NMR (de-DMSO) «ppm: 12.45(1 H.s). 8.21(1H.s), 8.18(1H.s), 6.35(2H.s). 6.14(1 H,d.J = 2.2), 6.04- 
(1 H.d.J = 2.2). 4.94(2H.s). 3.72(3H.s). 2.56(2H,s). 1 .85 - 1 .25(1 OH.m). 

The following experiments were conducted to demonstrate the ability of the compounds of the present 
invention in the acceleration of the excretion of uric acid and inhibition of xanthine oxidase which leads to 
inhibition of biosynthesis of uric acid. 



Experiment 1 



25 

Accelerated uric acid clearance in rats caused by administration of compound (f). 



30 



a) Method 



Nine-week-old male rats were employed for the test. As a pre-treatment for measuring uric acid 
clearance and inulin clearance, each animal was anesthetized with pentobarbital sodium, and canulae were 
placed into the right femoral artery (for blood collection), left femoral vein (for drug infusion), and urinary 
bladder (for urine collection) of each animal. 60% Urethane was subcutaneously administered to each 

35 animal at a dose of 2 ml/kg body weight and then 1.7% potassium oxonate/1.5% inul.n/4% manni to^0.9^ 
saline solution was intravenously administered. After that, 0.5% pottasium oxonate/4% mannito/1 5 /o 
inulin/0.9% saline was infused to each animal at a flow rate of 0.05 ml per minute on a hot plate kept at 30 
* C Thirty minutes later, 0.9% saline was intraperitonealy administered at 4 ml/kg body weight. After the 
equilibrium for another 30 minutes, arterial blood (0.2 ml each) samples were collected 6 times at 20 minute 

40 interval and five 20-minute urine samples were collected. Immediately after the collection of every blood 
sample, the serum was separated therefrom, and the serum samples and the urine samples were stored in 

a refregirater. . . . . A a , 

Immediately after the first collection of the urine sample, the test compound suspended m 1 /o gum 
arabic was intraperitoneal ly administered at 2 ml/kg body weight. * • ♦ 

45 Uric acid both in the serum and in the urine was quantitatively analyzed by the method of Yonetani et 
al. [Yonetani. Y, Ishii. M.; Iwaki. K.. Japanese J. Pharmacology 30. 829 - 840 (1980).] Inulin was also done 
substantially by the method of Vurek's and Pegram's [Vurek. G.G,. Pegram. S.E.. Anal.B.ochem., 16. 409 - 
419 (1966)] In order to analyze uric acid. 0.2 ml of diluted solution of deprotejnized serum or urine was 
admixed with 2.5 ml of 0.4% dimedon/orthphosphoric acid solution and the resulting mixture was heated in 

50 a hot bath for 5 minutes. The mixture was then cooled in ice-cold water and the fluorescence was measured 
at 400 nm in the excitation wave length at 360 nm. Control experiments were carried out using an 
equivalent amount of positive control compounds. ([5-chloro-3-(2-methylphenyl-4-oxo-4H-1-ben 2 opyran-7-yl] 
oxy)acetic acid and benzbromarone. 



ss 



b) Results 

The results are listed in Table 11. showing that the ability of compounds of the present invention in 
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accelerating the excretion of uric acid is superior or equivalent to that of each of the control compounds. 

Table 1 1 



5 



Example No. of 


dose 


AUuaV a) 


FEua b > 


Compound 


(mg/kg) 


(mg/kg-min) 




11 


10 


0.022 


0.061 


21 


10 


0.046 


0.110 


22 


10 


0.029 


0.128 


23 


10 


0.051 


0.160 


24 


10 


0.024 


0.096 


25 


10 


0.043 


0.088 


30 


10 


0.036 


0.128 


33 


50 


0.047 


0.142 


34 


10 


0.040 


0.096 


49 


10 


0.082 


0.182 


54 


10 


0.039 


0.129 


61 


25 


-0.006 


0.103 


control c) 


10 




0.081 


control d) 


10 


0.068 


0.125 



a) Increment of urinary uric acid was calculated by subtracting the control 
value from the mean value of four measurements after the administration 
of test compound. 

b) Increment of fractional excretion of uric acid [Uric acid clearance/inulin 
clearance (i.e., glomerular filtration rate)] was calculated by subtracting the 
control value from the mean value of four measurements after the administ 
ation of test compound. 

c) ([5-chloro-3-(2-methylphenyl)-4-oxo-4H-1-benzopyran-7-yl]oxy)acetic 
acid 

d) Benzbromarone 



35 



Experiment 2 



40 Evaluation of xanthine oxidase inhibition activity 

A mixture of 0.05 M phosphate buffer (pH = 8, 2 ml), 5.0 x 10"* M xanthine solution (0.5 ml), and an 
aqueous solution of a test compound (0.3 ml) was charged in a cell for the spectrophotometer. An aqueous 
solution of xanthine oxidase (200 times dilution, Boelinger Manheim, milk xanthine oxidase) (0.2 ml) was 
45 added to the mixture. The absorbance at 293 nm was measured before, and 10 minutes after, the addition 
of xanthine. The increase in the two measurements is attributable to the amount of synthesized uric acid. A 
control experiment was carried out using water instead of the test compound solution. The 50% inhibition 
rate (ICso) was determined by assuming the increment obtained in the control jrial r to 100. 

The results are shown below: 



Test compound 


ICso (M) 


Compound prepared in Example 21 : 


6.5 x 10~ s 


Allopurinol : 


1.6 x 10" G 



The results of Experiments 1 and 2 demonstrate that the compounds of the present invention can 
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accelerate the excretion of uric acid and also inhibit the biosynthesis of uric acid through xanthine oxidase 

inhi ThereSe. ity the compounds of the invention are effective for the treatment of various disorders 
associated with elevated uric acid levels, including hyperuricemia, gout, ischemic card,ac diseases, 
cerebrovascular diseases, and the like. j„««„*™.„i a mk 
For the treatment or prophylaxis of the diseases noted above, a selected compound of the formula (I) is 
administered to a patient suffering from any of these disorders in an amount effects to reduce unc acid 

^lln^T^ administered cither ora.iy or parenteral in the form of an appropriate 
pharmLuS composition, The compositions can be in the form of tablets granu^s, ^^.e 
oowders capsules injectable solutions (for intravenous or intramuscular inject.on). and the like. The a*ly 
oraT dosag^ for Su.t can be from about 0.5 to about 300 mg/kg. preferably about 5 to about 100 mgTkg 
while the daily parenteral dosage can range from about 0.15 to about 100 mg/kg, preferably about 1 to 
about 50 mg/kg. The dose can be administered once or as several smaller dose. 



75 
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Claims 

1. A compound of the formula (I): 



2S 




30 



35 



40 



wherein R* and R* are independently hydrogen, lower alkyl. phenyl or substituted phenyl, or -W an R may 
form a four to eight-membered carbon ring together with the carbon atom to which they w ja« 
hvdroaen or lower alkyl; R* is one or two radicals selected from a group consisting of hydrogen halogen. 
^froTwer ak^ phenyl, substituted phenyl. -OR* and -S0 2 NR<R' ; R 5 is hydrogen, lower alkyl phenyl- 
"* s ti uted lower alky " carboxymethy. or ester thereof, hydroxethyl or ether thereof, or al.yl; R« and R< are 
or lower alkyl; R> is hydrogen or a pharmaceutically active ester-formmg group; A 
i TSZht or branched hydrocarbon radical having one to five carbon atoms; B is halogen, oxygen, or 
dithioTanefv is o^gen suJr. nitrogen or substituted nitrogen; Z is oxygen, nitrogen or substituted nitrogen; 
dotted line represents the presence or absence of a single bond. 
2. A process for the production of a compound of the formula (I); 



(1 ) 




45 
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wherein R 2 and R* are independently hydrogen, lower alkyl. phenyl or substituted phenyl, or R' and R* may 
ror^Tfour to efght membe P red carbon ring together with the carbon atom to which they are ™* 
hTmnon nr invX alkvl- R* is one or two radicals selected from a group consisting of hydrogen, halogen. 

ft oTwe ^Xr P hen y 1,1^ ptenyl. -OR* and -S0 2 NR^= * is hy^n, lower * £ phenyl 
lower alkyl. carboxymethyl or ester thereof, hydroxethyl or ether thereof, or ally ; R* and R' are 
1£5£££*W or lower alkyl; R' is hydrogen or a pharmaceutically active ester-formmg group; A 

sa^aM or branched hydrocarbon radical having one to five carbon atoms; B .s halogen, oxygen, or 
dithioTanefv ?<££S^ nitrogen or substituted nitrogen; Z is oxygen, nitrogen or subsftuted nitrogen; 
rinttPd line reDresents the presence or absence of a single bond, comprising: 

^l!S55TS!^ of the formula (I.) with an enamine (...) to produce a compound of the formu.a 



(IV): 
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enamine Cm) 
OMe <0- R > 




(IV) 



wherein R is a 4-8 membered carbon ring having a double bond at the 1,2-position or -C(Ph) = CH 2 and 
r'.R 2 and R 4 are as defined above; 

(b) Reacting said compound of the formula (IV), wherein said compound is optionally substituted by a 
lower alkyl group (-R 3 ) at the 3 position, with pyridine hydrochloride to produce a compound of the 
formula (V): 



20 



25 




R 3 pyridine HC1 r>< * 




(IV) 



( V) 



wherein R\R 2 .R 3 and R* are as defined above; and 

(c) Reacting said compound of the formula (V) with an ethyl ester of a halogenated carboxylic acid of the 
30 formula Et O2 C-A-Br to produce a compound of the formula (VI): 



35 




R 3 Et0 2 C-A-Br 



R 2 



K 2 C0 3 



Et0 2 C-A-0 




40 



(V) 



(VI) 



wherein R\R 2 ,R 3 and R 4 are as defined above: 
3. A process as claimed in claim 2 wherein the resulting compound is a compound of the formula (VI ) and 
which further comprises reacting said compound of the formula (VI) with a compound of the formula R S X to 
45 produce a compound of the formula VII: 



50 




55 



CVT) 



R S X 



R s 0 

> R*' 

K 2 C0j £ t o,C-A-0 




(VI) 



wherein R\R 2 ,R 3 ,R S and A are as defined in to in claim 1, and R*', is the same as R^ except that at least 
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one of the radicals is a hydroxy! group. . . 

4. A process as claimed in claim 2 or claim 3 wherein the resultant compound (VI) or ( VI Ins ist reacted wrth 

N-NaOH to produce a compound of the formula (I ): 



10 




(VI) 



or 



R 5 CK , 



EtOzC-A-Oy r 




(vn) 



15 



20 



25 



N-NaOH 
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wherein R\R 2 .R 3 ,R*.R 4 ',R 5 and A are as defined in claim 2. 

5. A pharmaceutical composition for the treatment or prophylaxis of hyperuricemia compnsing a compound 
of the formula (I): 



CD 



wherein R* and are independently hydrogen, lower to alkyl, phenyl or substituted phenyl, or R and R 
may form a four to eight-membered carbon ring together with the carbon atom to wh.cn they are attached, 
R3is hydrogen or lower alkyl; R* is one or two radicals selected from a group cor.sist.ng of hydrogen, 
halogen. nifro, lower alkyl. phenyl, substituted phenyl. -OR* and -S0 2 NR*R< : owera,kyK 
phenyl-substituted lower alkyl. carboxymethyl or ester thereof, hydroxethyl or ether thereof, or al yl. and 
ff' are independently hydrogen or lower alkyl; R 7 is hydrogen or a pharmaceutically actjve ester-forming 
oroup- A is a straight or branched hydrocarbon radical having one -to five carbon atoms; B is halogen, 
oxygen or dithiolane; Y is oxygen, sulfur, nitrogen or substituted nitrogen^is oxygen, nitrogen or 
substituted nitrogen; dotted line represents the presence or absence of a single bond, together with one or 
more pharmaceutically acceptable carriers, diluents or excipients. 

6. A pharmaceutical composition as claimed in claim 5 which is in unit dosage form. 

7. The use of a compound of the formula (I): 
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CI) 



wherein R 2 and R 2 are independently hydrogen, lower alky I, phenyl or substituted phenyl, or R 1 and R 2 may 
form a four to eight-membered carbon ring together with the carbon atom to which they are attached; R 3 is 

10 hydrogen or lower alkyl; R 4 is one or two radicals selected from a group consisting of -fcydfogervtetogen, 
nitro, lower alkyl, phenyl, substituted phenyl, -OR 5 and -S02NR 6 R 6 ; R 5 is hydrogen, lower alkyl, phenyl- 
substituted lower alkyl, carboxymethyl or ester thereof, hydroxethyl or ether thereof, or allyl; R s and R 6 ' are 
independently hydrogen or lower alkyl; R 7 is hydrogen or a pharmaceutical^ active ester-forming group; A 
is a straight or branched hydrocarbon radical having one to five carbon atoms; B is halogen, oxygen, or 

75 dithiolane; Y is oxygen, sulfur, nitrogen or substituted nitrogen; Z is oxygen, nitrogen or substituted nitrogen; 
dotted line represents the presence or absence of a single bond, in the manufacture of a medicament for 
the treatment or prophylaxis of hyperuricemia. 



Claims for the following Contracting States: ES, GR 

20 

1. A process for the production of a pharmaceutical preparation for use in the treatment or propylaxis of 
hyperuricemia which comprises admixing a pharmaceutically effective amount -of, at least- one. compound~of 
the formula (I): 



B 




( I ) 
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wherein R 2 and R 2 are independently hydrogen, lower alkyl, phenyl or substituted phenyl, or R 1 and R 2 may 
form a four to eight-membered carbon ring together with the carbon atom to which they are attached; R 3 is 
hydrogen or lower alkyl; R* is one or two radicals selected from a group consisting of hydrogen, halogen, 
nitro, lower alkyl, phenyl, substituted phenyl, -OR 5 and -S02NR G R 6 ; R 5 is hydrogen, lower alkyl, phenyl- 
substituted lower alkyl, carboxymethyl or ester thereof, hydroxethyl or ether thereof, or allyl; R 6 and R 6 ' are 
independently hydrogen or lower alkyl; R 7 is hydrogen or a pharmaceutically active ester-forming group; A 
is a straight or branched hydrocarbon radical having one to five carbon atoms; B is halogen, oxygen, or 
dithiolane; Y is oxygen, sulfur,* nitrogen or substituted nitrogen; Z is oxygen, nitrogen or substituted nitrogen; 
dotted line represents the presence or absence of a single bond, with one or more pharmaceutically 
acceptable carriers, diluents or excipients. 

2. A process as claimed in claim 1 wherein said compound is produced by a process comprising: 

(a) Reacting a compound of the formula (I!) with an enamine (III) to produce a compound of the formula 
(IV): 

enamine ( HI ) 
(O-R) 





(A) 



(IV) 



wherein R is a 4-8 membered carbon ring having a double bond at the 1 ,2-position or -C(Ph) = CH 2 and 
R\R 2 and R 4 are as defined above; 

(b) Reacting said compound of the formula (IV), wherein said compound is optionally substituted by a 
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lower alkyl group (-R 3 ) at the 3 position, with pyridine hydrochloride to produce a compound of the 
formula (V): 



10 




JxR* pyridine HC1 ^4 
R 1 * 




(IV) 



CV) 



75 



whprpin R 1 R 2 R 3 and R 4 are as defined above; and . 

7c) Reacting Tsaid compound of the formula (V) with an ethyl ester of a halogenated carboxyhc acd of the 

formula Et 0 2 C-A-Br to produce a compound of the formula (VI): 



20 



25 




Et0 2 C-A-0 



(V) 



(VI) 



wherein R' R 2 ,R 3 and R* are as defined above: , 
so 3 ^process as claimed in Cairn 2 wherein the resulting compound is a compound of *jto^aW! and 
which further comprises reacting said compound of the formula (VI) with a compound of the formula R X to 

produce a compound of the formula VII: 



35 



40 




(VI') 



R S X 



R'CK e 




(\I) 



wherein R 1 ,R 2 ,R 3 , R s and A are as defined in in claim 1 . and R*' is the same as R* except that at least one 
45 of the radicals is a hydroxy! group. : r „ rtftrf with " N . 

4. A process as claimed in claim 2 or claim 3 wherein the resultant compound (VI) or (VII) is reacted with N 

NaOH toproduce a compound of the formula {I ): 



50 



55 
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(I ') 

25 

wherein R 1 ,R 2 ,R 3 ,R 4 \r 5 and A are as defined in claim 1. 

5. A process as claimed in any one of claims 1 to 4 wherein the pharmaceutical preparation is formed into a 
unit dosage form. 
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